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INTRODUCTION 
SUrfural was first prepared in 1830 by Dobereiner^ 
while treating sugar with sulfuric acid and manganese dioxide 
in order to prepare forniic acid. He noted a yellow oil in 
his distillate which because of its odor and method of prepar­
ation was called the "artificial oil of ants." From this date 
until the year 1922, furfural was a laboratory curiosity found 
only in the more fortxmate laboratories where cost was not an 
item to be considered, ifftich of the early woik on this compound 
was done on furfural obtained by fractionation of the high boil-
2 ing residues from the destructive distillation of wood of var­
ious kinds. 
3 
Killeffer states that in 1922 the price of furfural 
was $6#50 to |30.00 per pound. Soon after, the investigations 
A 5 
of LaForge and others" with corn cobs and Brownlee and others 
with oat hulls caused the price of furfural to fall to 15 cents 
3 6 
per pound in li^y 1926 • Mains and LaForge have published sped 
fications for a plant which could manufacture furfural from 
1 D6bereiner> Ann.« 5, 141 (1852). 
2 Hill, m, Chem. J., 3, 33 (1881-2). 
-'-3 Killeffer, Ind. En^. Chem», IB, 1217 (1926). 
4 LaForge. Chem. Krq (mIyTT. 332 (1920); C.A., 14, 3761 
(1920); LaForge, Ind.En^. Chem., 13^ 1024 (19*21 )|T5, 499 
(1923)} 15, 105 (19S3)j Mains and LaForge, ibid., 16, 
355 (19241. 
" 5 Brownlee, Ind. Enp;. Chem.. 19. 422 (1927); Miner, Ti^iclcey 
and Brownlee, Chem. Met. E^., 299, 362 (1922). 
com cobs at a total cost of 5,15 cents per pound. It is 
quite possible that if the deiBand were large enough the price 
of production could be appreciably reduced. 
The amount of furfural used at present is "about 
7 
• 2,000,000 pounds" • Because of its low cost, the ease with 
which it baffles one and its great variety of as yet unes^jloit-
ed reactions, furfural is attracting research workers and indus­
trialists in ever increasing numbers* 
Any organic compound in order to be of commercial 
significance must be obtainable in large q.uantities and at a 
price which will enable it to compete with other compounds pf 
similar chemical and physical properties. There are in the 
United States large quantities of untouched raw materials for 
I the production of furfural in an inei^ensive inanner. At pres-
I ent as far as is Isnown, all the furfural of commerce is pro-
[ 5 4 
! duced from oat hulls or from corn cobs , Oat hulls and com f 
I cobs are apparently the only raw materials that have been 
r 
i studied for the production of furfural from the commercial 
i point of vie-if. It is well at this time to call attention to 
I 
i the following facts. There is much difference between the 
6 
7 
Mains and LaFor^e« Ind. Eng. Chem. > 16, 356 (1934). 
We are indebted to Mr. E. T. Herrick, principal chemist in 
Charge, Color and Farm Waste Division of the United States 
Department of Agriculture, Bureau of Chemistry and soils at 
Washington, D. C., for the above information and for the 
quantities of farm waste materials. 
amount of ftirfural that can be sho\m to be formed from a pento­
san containing raw mterial by one of the laany methods for its 
production, and that econcaaically obtainable in a commercial 
process. Much of the literature on the production of furfural 
• is old. The determinations recorded were made T7ith analytical 
methods not equal to those used at present, 
g 
Table I contains a list of waste agricultural mater­
ials available in large quantities* This Table also shows 
literature references when possible to the theoretical and 
coimercial yields of furfural. The materials listed are for 
the United States. 
An inspection of the Table will show that furfural 
can theoretically be produced in large quantities. It is safe 
I 
I to say that the present price of furfural can be materiallj'-
{ reduced if the demand for it were large enou^. A compound 
I potentially available in the amounts noted is nurely worthy of 
1 study from an economical point of view. 
[ 8 Pervier, Ind. Enp;, Chem.« ISV 1167» 1255 (1985), These 
articles contain a very excellent review of the literature 
of the analysis of pentosan materials for furfural with 
pertinent references. Association of official Agriculture 
\ Chemists Ifethods (1920) p, 96. 
I 9 The term "waste agricultursil materials" is used advisedly, 
because there are some who loaintain that these materials 
i are worth more to the agriculturist as a soil and plant food 
I than as a comraercial commiodity. 
TABIiE I 
Source 
Av. Annual 
Yield 
in Tons. 
^ Furfural 
on 
ComiE. Basis 
% Furfural 
on 
LabtBasis 
Irield in Tons 
on 
Comm.Basis 
Yield, in Tons' 
on 
Lab•Basis 
Com stalks'' looiooo.ooo 
11E nnn nnn 
16.21^o 16.Si0,000 1ft' A'7A Ann 
Corn cobs^l 20.000.000 9.8«-« l6.5 1.900.000 
•UO^ w f W • W wV/ 
3.300.000 
Oat hulls" 3.000.000 12.6«o 20. 378.000 600.000 
Cotton stalks^ 16.000.000 six 
C ot tonseed hulls" 1,800.000 3.4 3.4 61.200 
Flax straw' 2.200.000 14.5 az 519.000 
peanut hulls''' . 70.000 4.S8-'-o 3,066 
sugar cane.bagasse 500.000 / 28. 140.000 
Beet pulT3^^. 415,000 15.5 64,325 
Wheat husks^^ 160. C^O 7.161^ XL.456 
10 Thesis, Iowa state College Ghemioal Engineering Department, Erieson, 
ments with Furfural Tields from Com cohs and Oat Hulls, p, 15 and 25^. 
11 smith, J. chem. soc»« 65. 479 (1894)^. 
12 Lagorf^e*^end Mina. Ind. Eng. Chem.. 15. 1057 (1923). 
13 Miner, Triolcey and Brownlee, chem. Met, En^., S7, 299 (1922). 
14 The yield of furfural given is an unoi^ficial statement by Mr, Arnold of the 
Chemical Engineering Department of Iowa state College. 
16 DeBeisunce, Bull» mat, grasses« (1926) 1}_C.A., 2230 (1926)* 
16 Browne, £. m, Ghem. soc., 26, 1221 (1904). " 
17 Sweeney and Crel^iTon7~TirnpuFlished) * This work was done by the chemical 
Engineering Department of lowa State college. 
18 Stone, Ber.i 3019 (1891). 
19 U. S* Department of Agriculture, Year Book,1930,p..686., The yearly yield of 
wheat in this country is about 806,508,000 bushels and the yield of husks is 
about 0.4 pound per bushel. 
20 Brownlee, , Ind. Eng. Chem.. 19. 422 (1927).. 
21 Beference giving the yield of furfural from cotton stalks has not yet been found 
- 5 
OTHSE SOURCES 
The materials listed in the Table are thought to 
he those most easily obtained in large quantities. There 
are however mny other sources a few of which are worth noting 
here* 
Rice husks, when treated with 30^ sulfuric acid 
gave a yield of furfural equal to 4^ • Furfural is a by­
product of the sulfite process in the paper industry. In 
the condensate from each ton of pulp there was shown to be 
23 
present 2.2 to 5.5 pounds of furfural • Furfural can be pro­
duced from esparto straw in a yield of 12•8^5, and from jute 
fiber in a yield of 5e2^^. Any pentosan containing material 
is a T)Otential source of furfural. 
i 22 Scurti and 2ay« Stag. Sper« Amx, Ital,^> 52, 278 (1919); 
I £.4., 14, 3675 (1920). 
I 23 Bergstrom, Paplenfabr.» 12, 1040 (1914); £,149(1915) 
I 24 Cross, Bevan and Smithy Ber». 28» 1940 (1895 )• 
- 6 -
PREI'iilRATIOK OF SOME IJNSA'mRAO?ED KETCHES MD FURYLACROLEBI 
I IH'ERODI3GTIC3N 
I Tlie cojsroounds v?hase preparation will be described 
. were syntliestzed in ctmnection i^itli a series of studies on tbe 
l,4:-addition of various g3?oups to conjugated furan ketones, 
and in a series of toxicity studies -yriLth insects^. 
2 Leuck and Cejka have published an excellent set 
of directions for the preparation of furfuralacetone using 
furfural, acetone and dilute sodium hydroxide in water. The 
fZ A 
yields are between 6C^ and Schmidt , and Glaisen ^ and 
5 Glaisen and ponder have prepared furfuralacetone in a similar 
manner, but have not reported their yield of the compound, 
Furylacrolein is the most difficult of the compounds 
A 
studied to prepare in good yields. Ivanov , using a method 
which will be described in detail in the Esperim^tal part, 
I reported a yield of 7(yfo. In no ease has a yield higher than 
51^ been obtained. IFrequently yields as low as 2ofo were ob­
tained. In runs in istiich freshly distilled fijrfural tos used 
! - — 
! 1 A great variety of furan ccanpounds have been prepared in 
this laboratory by Gilman, He-wlett, "/right and Dickey and 
their properties as insecticides have been studied, 
2 Leuck and Cejka, Orp;. Syn.. 2> 
5 Schmidt, Ber,. 14> 574, 1459 (1881). 
4;!, Glaisen, Ber., 14, S468 (1881) . 
Sx- Glaisen and Ponder, Ann., S23, 157 (1884), 
1(6 Ivanov, Bull. 3oc« chem., (4) 35, 1658 (1924). 
in place of the coimaercial product there was not a noticeable 
increase in the yield of furylacrolein, A number of modifica­
tions of lTanov*s original directions were tried but the 
yields were not ii^roved, Konig has prepared furylacrolein 
. in 61^ yields by adding a 40^ water solution of acetaldehyde 
to furfural in water TJith dilute sodium hydroxide at 0®. Two 
equi-valents of acetaldehyde to one of lUrfural were used. 
^ . 8 9 
Schmdt , and Rolimer have prepared furylacrolein by warming 
a mixture of furfural and acetaldehyde with dilute sodium 
hydroxide to 50«-60®« No fields were reported by these authors. 
IG 
Konig and Hey prepared furylacrolein by running acetaldehyde 
into furfural in the presence of small queintities of alkaline 
condensing agents. Their yields were not reported, 
Furfuralacetophenone was prepared after the direc-
11 tions of Kostanecki and podrajansky with yields of 9C^. 
12 The original authors did not report their yields, semmler 
I has prepared ftirfuralacetophenone in practically quantitative 
i 
t 
I yields by condensing furfural with acetophenone, using sodium 
i 12 j ethylate as the condensing agent, semmler repeated the work 
I 
t • • • f 
I 
j 7 Konig, Ber.. 58, 2559 {1925). 
i 8 Schmidt, Ber., 13» SS42 (1880). 
I 9 Rohmer, Ber., 283 {1898)» 
IXIO Kbnig and Hey, Ger> -pat.^ 330, 358 (1919)f Ojk»y 15,2102(1921). 
I 11 Kostanecki and podrajansky, Ber.. ^ , 2248 (1896) • 
i ' 12 semmler, Ber., 59, 726 (19061? ibid.. 42, 2356 (1909). 
- 8 -
10 
of EdstaneclcL and Podrajansky , but failed to give the yield 
tiiat he obtained, 
13 
Kasiwagi has prepared furyl-l-32iethyl-4-pentene-l-
one-3, furyl-l-pentene-l-one-S, and furyl-l-iiiethyl-2-pentene-
l-one-3. In good yields by adding dilute sodium hydroxide to 
a mixture of furfural and the desired ketone in water. 
13 §2°' 90 {1936); C.A,.W, 
, 
EZPERIMEHTAL PiET 
Itirfuralacetone. {c4H3OCBaCHGOCHg)Furfuralace-
tone was prepared after the directions of Leuck and cejka^. 
The reaction was carried out in a 5-1. flask equipped with a 
Kffichanioal stirrer, thermometer and cooling-bath. To 385 g, 
(3.8 moles) (335 cc.) of 95^ conm^rcial furfural in 3-1, of 
water was added 5oo g. (8.6 moles) (630 cc.) of acetone. The 
reaction mixture was cooled to 10® and 75 cc, of sodium 
hydroxide was added. After the sodium hydroxide was added 
the lEdlxfcure was stirred for four hours and was then made 
sli^tly acid to litmus by adding 35G cc. of ic^ sulfuric acid. 
The mixture then separated into two layers which were separat­
ed by the aid of a separatory funnel. After separation the 
furfuralacetone was washed with water and distilled. There were 
obtained 314 g. of furfuralacetone boiling at 114°-118°/10 mm. 
or a yield of 64^. A aaall amount of furfuralacetone can be 
• 
i obtained by extracting the water residue with ether. A large 
I number of runs gave equally good yields. 
I 
j An undetermined amount of difurfuralacetone can be 
J 
I obtained by distilling the high boiling residue after the 
I furfuralacetone has been distilled off. 
f. I 
j gxnrylacrolein. C^HsOCHwCHCHO).- 1st. Run. This 
1 2' 
I eonqjound was prepared after the directions of Ivanov . To 
i 96 g. (1,0 mole) of commercial furfural and 1000 g. of crack­
- 10 -
ed ice was added 30 g. of 20^ soditun hydroxide and the reaction 
mixture was stirred foe fiire hours and was then neutralized 
with dilute acetic acid. The liquid furylacrolein was separat­
ed from the water in a separatory funnel and was well washed 
with water. The water residue was extracted with ether and 
the ether extract washed with water and added to the furylacro-
lein fraction- There were obtained 62 g, of furylacrolein 
boiling at 97®/10 iiBii. or a yield of 51^» A series of runs 
save yields varying between 20^ and 51^, Furylacrolein when 
pure is a white crystalline coiapound iDslting at 51° and if 
protected from the atmosphere will hold its color for several 
months, 
2nd, Run. Bun No, 1 was repeated as described ex­
cept that the reaction flask was immersed in an ice-bath. The 
yields from 3 runs were 41^ , 4^  and 50^ , 
I 5rd, Run, Bun Ho, 1 was repeated as described sub­
stituting pure, freshly distilled furfural for the comiaercial 
product. The yields from two runs were 40^ and 45^S respective­
ly. 
4th, Run, TO 96 g, (1,0 mole) of coimnerciELl furfural 
in one liter of water in a 3-1, flask cooled to-10® in a bat^ 
of ice and salt was added 88 g, (2,0 usoles) of acetaldehyde 
1 
I which had been previously cfeled to 0°, To this mixture was 
I added drop by drop over a :jBkod of one hour, 30-sMpf a 20^ sod-
I ium hydroxide solution, Tj^ mixture was stirred fctf-^six hours 
- 11 -
from the beginning of the addition of the sodium hydroxide 
and was worked up as previously described. By this laethod 
the yields from two runs were 35^ and 46^ respectively. 
5th>.Bun. Run No. 4 was repeated using 288 g. (S.O 
moles) of coDsaeroial furfural and S64 g. (6.0 moles) of acet-
aldehyde in three liters of water. To this misture cooled to 
0® was added, drop "by drop» over a period of two hours, 90 g. 
of 205^ sodium hydro3d.de. The reaction mixture was stirred for 
six hours from the beginning of the addition of the sodium 
hydroxide. It was then worked up in the usual manner and the 
yield was 36.5^ . 
There is no obvious reason iRflbiy the yield of 7(^1 
6 
reported by ivanov was not checked. A number of other investi­
gators in this laberatorsr^"^ have been unable to obtain a yield 
of furylacrolein greater than 51^ . 
In every run there was left in the distillation flask 
a large amount of a high boiling congjound or compounds. The 
weight of this material was such as to eliminate the possibil­
ity that an appreciable amount of furfural had not condensed 
with the acetaldehyde. It is quite possible that an appreci­
able amount at the furylacrolein formed reacted with one or 
more molecules of acetaldehyde to give the high boiling sub-
I4 Gilmany Heyflett and Brown have repeated Tvanov's work ond' 
have obtained results coiigjarable to those reported by 
us. 
- 12 -
Stance and thus decreased the yield of furylaerolein. In some 
mjri: in connection with the attempted 1, 4-addition of ammonia 
and aniline with furfuralacetophenone, using dilute sodiim 
hydroxide as the condensing agent, it was found that furfural-
acetophenone polymerized to give a high melting solid. The 
time necessary for this poljnnerization was fourteen days. It 
is "believed that a similar polymerization may have talcen place 
in this preparation. 
y-urfuralacetophenone> (C4HaOCH«CHCGC«H6)•- 1st. Run. 
Furfuralaoetopheaone was prepared after the directions of 
11 
Eostaneckt and Podrajanslcy • The reaction was carried out in 
a 2-i», 3-neck flask equipped with a mechanical stirrer and 
dropping funnel. To 96 g. (1,0 mole) of comercial furfural 
dissolved in me liter of 95^o ethyl alcohol was added 120 g. 
{1«0 mole) of acetophenone. This solution was then cooled in 
a bath of cracked ice, and 60 of IC^^ sodium hydroxide was 
I run in over a period of two hours. The reaction mixture was 
I 
I kept in a bath of ice and stirred for twelve hours after the 
1 addition of the sodium hydroxide. The reaction product was 
poured into two liters of water and made acid to litmus paper 
with acetic acid. A heavy red oil soon precipitated v/hich 
I was separated from the water fraction in a separatory funnel, 
I and was well washed with water. The yield of furfuralaceto-
! phenone boiling at 187°-190®/11 m. was 179 g. or 90^. 
i 
I Furfuralacetophenone when pure has a light 
- 13 -
yellow color and is quite stable, 
I 8nd, Rim» A second run using the quantities and 
procedure described above was carried out in methyl alcohol 
OTer a period of ten hours instead of twelve hours# The 
I yield was 158 g, or QOfo» 
5rd. Run, A third run using 3 times the quantities, 
but the saiae procedure was carried out as previously describ­
ed, In this run ethyl alcohol was used as the solvent 
the time was the same as in the first run. The yield was 538 
g. or 90^. It is quite possible that the yield of fiirfural-
acetophenone can be increased by using pure furfural. The 
distillation of furfnralacetophenone is facilitated by using 
an oil-bath, but care saust be taken to prevent superheating, 
Furyl-l-methyl">4~pentene-l*'One"3, (C^HsOCH'CHCOGH 
(IHaGHa),- This con^sGund was prepared after the directions 
13 
Of Kasiwagi • A mixture of 9,5 g, (0,1 mole) of furfural 
and 25,8 g, {0,3 mole) of methylisopropyl ketone in S50 cc, 
of water was treated with 10 g, of 10^ sodium hydroxide. The 
I sodium hydroxide was added dropwise with stirring to the mix-
I ture cooled on an ice-bath, and the stirring was continued 
5 for seven hours. At the end of this time the reaction mixture 
j was made acid to litmus paper with acetic acid and was worked 
j up in the usual manner. The yield of furyl-l-methyl-4-pentene-
; l-one-3, boiling at 153^136o/18 lam, was 9,6 g, or 60^. The 
; ketone is a clear yellow, stable coiapound, 
\ i 
I 
! 
"• i4 •' 
Furyl-'l^peatene-l^one-S^ (C^EsOCB-CHCGCsHs).- This 
eoii5)ound was prepared after the directions of Kasiwagi^ ,^ 
Thirty grams of 10^ sodium hydroxide was added with stirring 
to £8.8 (0.3 100le) of furfural and 64.S g, (0.9 naole) of 
ethylmethyl ketone in 750 co« of water. The reaction mixture 
was cooled to 0° "before the addition of the sodium hydroxide 
and was stirred at 0®-5° for seven hours. At the end of this 
time the reaction mixture vras made acid to litmus with acetic 
acid and the ketone was separated aiod v/orked up in the usual 
manner. The yield of furyl-1—pentene-l~one-3 boiling at 90°-
mm. was 42 g. or 95^. The ketone is a clear yellow 
stable cos5>ound. 
Faryl'-l''methyl-2-T3entene-l-one'"S, Cc^HsOCBsCCHa 
GOCj^cU" This corapound was prepared after the directions of 
13 
Kasiwagi • To 28*9 g. (0»3 laole) of furfural and 77.4 s. 
(0.9 mole) of dietliyl ketone in 750 cc. of water cooled to 
0°-5° was added with stirring SO g. of 10^ sodium hydroxide. 
The reaction mixture was stirred in the ice-bath for seven 
houi's and was then made acid to litmis paper v/ith acetic acid, 
iSie resulting ketone \ms separated and worked up In the usual 
manner. Tiie yield of furyl-l-methyl-2«pentene-l-one-S boiling 
15 
at 135®~136®/12 mm. was 49.2 g. or 60/S. Kasiwagi failed to 
report the yield of this compound, we were able to check the 
yields reported by him for the other two coii^jouiids described 
above. 
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SMART 
A description of the metliods of preparation of 
furfuralacetone, furylacrolein, furfuralacetophenone, furyl-
l-met£iyl-4-pentene-l-one-S, furyl-l-pentene-l-one-S, and 
furyl-l-inethyl-2-pentene-l-Qne-3 have been giiren. 
The results of some studies on the synthesis of 
furylacrolein and furfuralacetophenone are reported. 
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TEE PREPARATION 01?^ SOME ESTERS C& TSTR^ETDEOFURFURYL ALCOHOL, 
FUROIC AflID,^-FURYLACRYLIC ACID 
MD som STUDIES ON iUHFORrL ilCOEOL 
IHTRODUCTION 
Tlie iialogeEated esters of many aliphatic acids are 
1 
Imown to be of value as insecticides and as fumigants • A 
searcli of the literature has failed to uncover the report of 
a study in this field of chemistry -with esters of the fur€in 
series. As this field is practically untouched, any halogen-
ated ester of the furan series would be worth studying. 
iMny organic esters are of value as perfume bases, 
and for this reason the preparation of any ne?/ ester containing 
the saturated or xmsaturated furan ring is of interest. Gilman 
and Wright^ have prepared a series of esters of ^ -furylacrylic 
acid which are potential coinmercial perfumes and flavoring 
extracts. 
Furfuryl alcohol has proven to be unstable in ,the 
presence of mineral acids and the halogen substituted acetic 
I 
! acids. This property of furfuryl alcohol has eliminated as 
methods of preparation nmiy of the common methods of esteri-
1 
I ficatlon, Tetrahydrofurfuryl alcohol is quite stable with 
I the reagents mentioned above which is in sharp contrast with 
i furfuryl alcohol. 
|(1 Roark and cotton. Ind. laig. Chem.« 20. 512 (1928). 
IZ Gilman and Yfright, Iowa state collep:e J. Sci.. 3, 109 
i (1929); £.A., 23, 5993 (1929). "" 
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WisseXl and Tollens® have prepared furfuryl acetate 
"by the action of acetic anhydride on furfuryl alcohol, in 
the same study they prepared furfuryl benzoate by treating 
furfuryl alcohol with benzoyl chloride and dilute sodium hydrox­
ide, zanetti^, and Miner^ have prepared esters of furfuryl 
alcohol in good yields the action of the acid anhydride on 
the alcohol in benzene. Zanetti has prepares furfuryl furoate 
using the schotten and Bauiaann reaction which involves the 
addition of an acid chloride to a dilute sodium hydroxide sol­
ution of the alcohol. 
The esters of furoic acid are easily prepared by 
the action of the acid chloride on various aromatic and ali­
phatic alcohols as described by zanetti^. Hill and Jackson*^, 
and Zanetti and Bedocann® have prepared various aliphatic 
esters of furoic acid using sulfuric and hydrochloric acids as 
catalysts. In general the yields are good, 
9 
Marclcwald has shotm the peculiar effect of hydro­
gen chloride on a-furylacrylic acid which eliminates this 
I acid as a catalyst for esterification purposes. Iferckwald^^ 
i" 
i 
i "3 Wissell and Tollens« Ann.« 273, SOI (1890U 
i 4 zanetti, £. Am. Ghem« soc., 47, 555 (1925). 
1 5 liner, Or^. S^n., 7, 44. 
! 6 Zanetti, j. ^  Chem. Soc:., 1452 (1925), 
! 7 Hill and Jackson, Chem,. J., 0^, 24 (1890), 
; 8 Zanetti and Beckmann, Soc.. 48, 1067 (1926). 
: 9 I^rckwald, Ber,, 2815 (1887) i 
I 10 IJarckwald, Ber., 1404 (1888). 
I 
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has shovm that ethyl furylacrylate can be prepared in un­
satisfactory yields by the action of concentrated sulfuric 
acid on -^.-furylacrylic acid and ethyl alcohol. 
11 
Gilman and Plclcens prepared the hydrochloride of 
/£-dlethylamino-ethyl ^ -furj'-lacrylate by the actioii of the acid 
chloride on the alcohol in benzene solution in a yield of 78^. 
In a paper published since this work was completed Gilinan and 
2 V/right have prepared the n-propyl and furfuryl esters of 
^furylaerylic acid in good yields by adding a benzene solu­
tion of the alco2iol to a solution of the aoid chloride in ben­
zene. 
ITurfui^l aloohol when treated with laonochloroacetio 
aeid and dichloroacetic acid or their acid chlorides, literal­
ly exploded« This was true when dilute solutions of the alco­
hol in dry benzene were used. The method of Ferns and Lap-
12 
-vvorth, and Sinhom in which an alcohol was added to an aeid 
chloride-pyridine coriqplex in a suitable solvent v/as investi­
gated. This laethod -ijas tried "i^ith monochloroacetyl chloride 
and with dichloroacetyl chloride but in each case tar was the 
only product* 
IS 
I Gilraan and Broiim have prepared tetrahydrofurfuryl 
I 11 Gilman and pickeia^, J. Am* Chem. Soc., 47, 245 {1925). 
1 IS Ferns and Lapworth, Chem, S6c.. 101. 273 (1912); i Sinhorn, Ann., BQl. 95 (1898), 
^ 13 Gilman and Bro\m in unpublished Y^ork in this laboratory. 
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14 j^-toluenesulfonate using the metliod of Halm and Walter , and 
15 t Giliaan and Beaber • The yield of the stable ester was 93^, 
16 14 
Fems and Lapworth and Gilman and Beaber have developed an 
excellent method for the introduction of ailcyl and alkyl-aryl 
groups into the benzene ring by treating the esters of ^ -tolue-
nesuifonie acid with various substituted arylmagnesium halides. 
•Hie application of the method developed by these authors would 
be of great assistance in synthesizing furan conrpounds not now 
iQiown. 
A number of atteicpts were made to prepare fixrfuryl 
15 
;2^-toluenesulfonate after the directions of Gilmn and Beaber 
but ia no case was a trace of the desired ester obtained. The 
1? 
method of Ferns and Lapworth, and Einhorn proved to be equal­
ly unsuccessful even though a reaction took place as indicated 
by a rise in tei!5)erature of the reaction mixture. Ferns and 
l2 
Lapworth reported a similar result from the attempted pre­
paration of benzyl j£-toluenesulfonate. They e::rolained the 
j non-formation of the desired ester by the following equations, 
H 
C. 0 CH 
HC^^CH 11 HC'^CSH 
L  ^ II i 
0=^ 0 
HC  ^ CH  ^ II HC  ^ CH 
IT 0 ^K^Cl 
! H a  Hahn and"'V{alter. Ber,. 54. 1551 {1921}. 
' 15 Gilman and Beaber, J, Chem. Soc,, 45, 839 (1923); 
ibid.. 4:U, 518 (1925). 
i 16 Ferns an^ Lapworth, Proc. Chem. soc.. 28. 18 (1912). 
- 20 -
H 
„ OS CH 
H 11 
(2) II I +0 COH ^ S-OC/ V + 11 1 
HC^ .CH ^ H  /( Hd h 
>^0X OH 
G^SiF=0 HCl 
H H 
A 0 H C 
HC ^GH II 
ll ' + <(~)—4'G-G~ <( )>--—> 11 I (Soluble) 
"V® 1 H 
/ \ E 
0=S=0 \ /—\ 
0 H o 
The abo-Be equatioas postulate the formation of the 
ester which then reacts with pyridine to form a \yater soluble 
eQi25)l02: which would be lost under the conditions the reaction 
i 
j was worked up. It is possible that a similar thing happened 
I with ftirfuryl alcohol, 
1 sodium furfurylate was prepared by heating furfuryl 
1 
I alcohol with sodium or by heating furfuryl alcohol and sodium 
i in tolu^e. The sodium furfurylate was characterized by treat-
I ing it with acetyl chloride to prepare furfuryl acetate^ in a 
j yield of 75^, when sodium furfurylate was treated in ether 
j with 2-^ol^®nesulfochloride a Yigorous reaction took place and 
I a white water soluble precipitate was formed. The ether solu­
*• B1 — 
tion was then distilled and yielded a colorless stable liquid 
which had the boiling point reported by Zanetti^*^ for di-^ 
farfuryl ether. 
This compound did not contain sulfur and eould not be 
hydrolyzed with boiling alcoholic potassium hydroxide. Ferns 
12 
and Lapworth prepared dibenzyl ether by treating potassium 
benzylate "with ^ ^-toluenesulfochloride in benzene. They have 
proposed the following mechanism to account for the formation 
of dibenzyl ether. 
0 H OH 
(1) CEtQ-S-Ol +<3>-C-ok c-<3^ 
H a H 
OH H E H 
)j ^ I 
(8) 0E.O|-0-C-^ -
OH H E E  
CH,< NS-ok ; I 
j  
I It is quite possible that the di-ff-furfuryl ether 
I 
I isolated was formed in a similar manner. 
! IV Zanetti, J. Am. Chem. Soc., .49» 1061. 1065 (1927). ^ 
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T A 
Gangloff and Henclersm ° iiaT© reported tiie formticm 
of a black crystalline solid wlien furfural was treated with 
anliydrous aluMinmn ciilorid© in the cold* Tliis con^jlex was un­
stable, several atteispts were mde to condense furfui'yl alco-
liol witli benzene using aniiydrous altuainum and zinc chlorides 
as tiie condensing agents, in each, case a vigorous reaction 
took place whicli becaiae violent as the tenq^erature rose# Tar 
was the only product. 
: Gangloff and Henderson, J. Am* Chem. soc., 59, MB4 {1917 k 
I 
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EXPERIBrlENTAL PAST 
Reagents> 
Tlie aoid chlorides-and acids used in the preparation 
of the esters were C. P# materials. All of the solvents used 
• were dried over sodium. 
The furoyl chloride and 0-furylacryloyl chlorides 
19 
were prepared after the directions of Gilman and piewlett in 
the yields reported by them. It was found that furoyl chloride 
if distilled under reduced pressure is water white and will 
remain so indefinitely. This loethod will prevent the slow 
I decoii5)osition of the acid chloride# 
ill reactions unless otherwise stated were carried 
out in a 3-neck flaslc equipped with a mercury seal stirrer, 
dropping funnel and Hopkins condenser. The Hopkins condenser 
and dropping funnel were protected from the atmosphere by 
means of calcium chloidde tubes. 
The t rime thy lac etyl chloride used was prepared from 
?r> trimethylacetic acid^^. The reaction was carried out in a 
3-neck flask equipped with a mercury seal stirrer, dropping 
funnel and Hopkins condenser. To 30.6 g. (0.3 mole) of 
trimethylacetic acid in 60 cc. of anhydrous ether was added 
with stirring 46.1 g. (0.36 mole) of thionyl chloride over a 
Gilman and Hewlett, Iowa State College J. Soi.» 4. 27(1929). 
20 We are indebted to Mr. A. E. Zoellner of this laboratory 
I for the trimethylacetic acid. 
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period of one iioiir« flie heat of reaction, caused the ether to 
reflux and when the reaetion had subsided to the point at 
which no reflusing of the ether took place the reaction mix­
ture was warmed on a water-bath for one hour. The product 
.was distilled after removal of the ether and low boiling de-
coinpositlon products. There were obtained 14.8 g, of tri-
methylacetyl chloride boiling at 105»5°-107V740 cm. or a 
yield of 41^* The acid chloiride is a stable Gompound of pun­
gent odor, 
Tetrahydrofurfuryl Acetate. (C4.H,uCHeOCOCIIs) 
Seventeen and three-tenths grams (0,22 mole) of acetyl chlor­
ide were dissolved in 75 cc» of boiling benzene. To this boil­
ing solution was added ?/ith stirring over a period of two 
hours 20.4 g, (0«2 mole) of tetrahydrofurfuryl alcohol in 50 
cc« of benzene. Hydrogen chloride -sras evolved from the start 
of the reaction and the solution turned a greenish blue color» 
The reaction was heated for four hours from the first addition 
of the alcohols After the benzene was distilled off the 
resulting product was taken up in ether and mshed with Up 
sodiim bicarbonate, and then dried over anhydrous sodium sul­
fate. The ether solution ?ms then distilled. The yield of 
21 tetrahydrofurfuryl acetate boiling at 61®-62V4 Ma* 
25#2 g, or BO^bfo* This coi^ound is water white and stable and 
has a sli^t fruity odor, and flat taste. 
Zanetti. J. Am. Chem. Soc.^ 50. 1821 (1928^. This wcxrk 
was publi"shed shortly after our work was completed. 
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Ttie following esters were prepared as described for 
tetrahydrofurfuryl acetatej tetrahydrofiirfuryl benzoate^^, 
(C4H^OCHbOCOCeils) ^ tetrahydrofurfuryl/^-furylacrylate 
(G^HyOGHaOCOCH^CHC^HaO), tetrahydrofurfuryl cinnamate, 
(C^H^OCHgOGOCCCHa }a) and 2-chloroethyl ^ -furylaerylate (C^HgO 
COOCHaCHgCl) • The analyses and physical constants of these 
compounds ¥/ill be given in Table II« The esters named are 
stable with the exception of 2-chloroethyl/^-furylacrylate which 
decon^osed to a tar at room temperature in two weeks. Tetra­
hydrofurfuryl acetate and 2-chloroethyl furoate were the only 
esters prepared with a pleasant odor, 
Tetrahydrofurfuryl Monochloroacetate. {C«H,OCHsOGO 
CHsGl).- This compound was prepared after the general direc-
7 8 
tions of Hill and Jackson , and Zanetti and Beckmann • yorty 
and eight-tenths grams (0»4 mole) of tetrahydrofurfuryl alco­
hol and 37.8 g, {0»4 mole) of monochloroacetic acid were 
added to 100 cc, of benzene saturated with dry hydrogen chlor­
ide, The solution was treated with hydrogen chloride from 
time to time over a period of fifty hours* Sfter the benzene 
had been distilled off the residue was taken up in ether and 
washed with 'Qfo sodium bicarbonate and dried over anhydrous 
sodium sulfate. The yield of tetrahydrofurfuryl monochloro-
acetate boiling at 101^-104*'/'^ Baa. v;as 35 g, or 49.^. The 
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compound is a stable water white liquid of pungent taste and 
practically no odor, it is soluble in ether, alcohol, and 
benzene and insoluble in water. The analysis and physical con 
stants for this ester are given in Table II, 
Tetrahydrofurfuryl Dichloroacetate., C^H^OCHgOCO 
CHCla)-- This compound was prepared exactly as described for 
tetrahydrofurfuryl monochloroacetate. The yield of tetrahydro 
furfuryl dichloroacetate boiling at 106-l08°/<3: mm. was 49.5 g. 
or 58,i;^d, The compound is a stable colorless liquid of prac­
tically no odor but a sharp taste. It is soluble in alcohol, 
benzene and ether and insoluble in i^sater. The analysis and 
physical constants of this ester iidll be given in Table II. 
2-Chloroethyl Furoate, (C^HaOCOOCnaCEaCl) 
Tv/enty-siz and two-tenths grams {0,28 mole) of furoie acid 
were dissolved in loo cc. of benzene with 16«2 g. (0.2 mole) 
\ of ethylene chlorohydrin. The reaction mixture was saturated 
with dry hydrogen chloride gas and this was continued inter­
mittently for five days. After the benzene was distilled off 
the product was taken up in ether and washed with ^  sodium 
I bicarbonate. The ether solution was dried over anhydrous 
sodium sulfate and distilled. The yield of 2-ehloroethyl 
furoate boiling at 116-117®/4 mm. was 2.8 g. or 2-Cliloro-
ethyl furoate is a stable water white liquid, it is soluble 
in alcohol, ether and benzene and insoluble in water. The 
compound has an odor similar to ethyl furoate but not so 
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Strong. It has a sharp pungent taste. The analysis and, phys­
ical constants for this ester are given in Table II, 
Action of the Ghloroacetic Acids and Acid Chlorides 
on Furfuryl Alcohol.- Mono and dichloroacetic acids reacted 
.violently with furfuryl alcohol vfoen added to the alcohol, or 
to the alcohol in dry "benzene. The alcohol was completely decom­
posed, The acid chlorides reacted with explosive violence 
with the alcohol or with the alcohol in a dilute benzene solu-
tion^^. 
Reaction Between Mono-and Dichloroacetyl Chioride 
gurfuryl Alcohol in a Pyridine-chloroform solution.- The 
reactions noted above indicated that it would be necessary to 
carry out any est eri ficat ion of furfuryl alcohol with the acid 
chlorides in an anhydrous basic medium such as pyridine. 
Twenty-two and siz-tenths grams (O.S mole) of mono-
chloroacetyl chloride were added in small portions to a well 
cooled solution of 18.2 g. (0.23 mole) of pyridine in 50 cc. 
of anhydrous chloroform. To this solution was added 19.6 g, 
(0.2 mole) of furfuryl alcohol in 25 ec. of chloroform over 
a period of one hour at 25°. it was noted that the solution 
became a deep brown color. After the addition of the acid 
chloride the solution was heated for five hours at 7o®-75® 
on a water-bath. The reaction mixture was then allowed to 
! 22 Grllman and Hewlett in this laboratory, after the above 
j observation treated sodium furfurylate with monochloro-
acet^l chloride in toluene. The alcohol was conmletely de­
composed. 
stand at 25® OTremight and diluted with 100 cc. of chloroform. 
The "blaci: solution was then washed 5 times with water. There 
was imich decon^josition material and it was necessary to filter 
the solution* It was then well dried owr anhydrous sodium 
-sulfate and the chloroform removed on a water-hath. After the 
removal of the chloroform there was a small amount of a black 
liquid, An atten5)t was made to distil the liquid at 4 imii. 
hut it exploded. The experiment was repeated using a ZQCrfo 
eaccess of pyridine in place of a 15^excess, The same results 
were obtained. 
Twenty-nine and four-tCTiths grams (0.2 mole) of 
dichloroacetyl chloride were added in small portions to a well 
cooled solution of 63»2 g. (0«8 mole) of pyridine in 50 cc. 
of chloroform. To this solution was added over a period of 
one hour 19.6 g. (0.2 mole) of furfuryl alcohol in 50 cc. of 
chloroform. The reaction was started at 25** and turned black 
with the addition of the alcohol. There was evidence of a 
reaction as shown "by the evolution of heat. The reaction mix­
ture was heated for five hours on a water-hath at 70*^-75'^ after 
the alcohol had "be^ added. It was worked up as previously 
described. As soon as all the chloroform was removed the 
residue exploded. These experiments indicate that if the mono-
and dichloroacetyl esters of furfuryl alcohol were formed they 
I are unstable, and that the alcohol is very unstable in contact 
I with the acids and acid chlorides. 
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fi 
sodium garfurylate« (G«HaOCEaONa),- Zanetti lias 
described aa atteii5)ted condensation between sodium etliylat© 
and a soluticai of sodium in furfuryl alcohol, zanetti e:^ress-
ed tlie opinion that sodium furfurylate had been foriaed and men­
tioned his intention to prepare and prove the presence of this 
eampound. A search of the literature has failed to show fur­
ther mention of the reaction between furfuryl alcohol and 
sodium* 
The sodium was prepared for use by cutting it up into 
small, pieces in a tared beaker containing anhydrous ether or 
benzene. Two and three-tenths grams of soditim {0.1 atom) were 
added portionwise to 9#8 g. (0»1 mole) of furfuryl alcohol in 
a 50 cc. Erlenmeyer flask. The flask was equipped v;ith a 
Hopkins condenser and protected from the atmosphere by a 
calcium chloride tube. A vigorous reaction took place with 
the evolution of hydrogen and heat. Towards the end of the 
reaction the mixture set to a solid and it v/as necessary to 
apply heat to cause the reaction to continue. It was estimat­
ed that approximately 70^ of the theoretical amount of sodium 
was used. I^e solid that was formed was of a deep red color 
which deepened with heating. 
This method was modified by the use of toluene. 
Toluene was chosen because its boiling point is above the 
melting point of sodium. It was hoped that this would facili­
tate the reaction. The reaction was carried out in a 250 oc. 
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S-neck flask equipped with a mercury sealed stirrer and 
Hopkins condenser. Nine and eight-tentlis grams (0.1 mole) 
of furfuryl alcohol and 50 cc* of anhydrous toluene ?/ere 
placed in the reaction flask. The sodium cut in small pieces 
.was added to this solution and a vigorous reaction took place. 
After the reaction had abated the mixture was heated to "boil-
> 
ing until hydrogen coased to be evolved. All of the sodium 
was not added. The amount of sodium used was approxiinately 
80^ of the theoretical. It was desired to test the stability 
of sodium furfiirylate and its possible value in the synthesis 
of esters of furfuryl alcohol.' with these points in mind the 
reaction mixture described above livas exposed to the atmosphere 
and 7.8 g. (0.1 mole) of acetyl chloride was poured in. A 
vigorous reaction took place and the mixture darkened. The 
mixture was warned for one-half hour after the reaction had 
subsided. It ^as then washed with water and distilled,' The 
yield of furfurylacetate boiling at 84-850/25 ima. was 10,5 g. 
or 75^3.- By the use of a more refined technique the j'-ield of 
esters from sodium furfurylate ^ould be improved. 
Some studies on the Attempted preparation of Furfuryl 
p-'Tbluenesulfonate, (CxE.OGI-UO-SOoC.H.GH.-^)The following 
reaction was carried out after the directions of Hahn and 
15 
Walter .. [Twenty-two and four-tenths grams (0.4 mole) of fine­
ly powdered potassium hydroxide was added in 0.5 g. portions 
to 38.1 g. {0.2 mole) of dry ;g^-toluenesulfo chloride and 19.6 g 
- S2, -
Co#S mlQ) of fiarfusyi alooliol fiissoXwd tn 500 <jc, of enhy-
^roas e1*lier» Th© ether aoXstioa was cooled to o® 'befoaje the 
aaditiGH of potassium bydroxi^e, Miieh was o&ded over a ty^iod 
of three liours» t^»^erat-are of tlie reaction lairttire was 
Ijept between 0°--4® osid for ten hoiirs from tlie tis^ of tlie first 
addition potassium iiydrozlde.: it was noted tMt the rsac-» 
ticsi slscture turned a grey color toi5/ar€s the end of the reae» 
tton* After tM reaction mixture imd been poured into iced 
v?ater, it wes extracted with etJaer# The etiier layer after 
separation vms "sashed Mtli ??eter aad tlien dried with potessiim 
carbonate* It ms found Tery difficult to separate tlie ether-
water layer due to a considerable amount of decoi®)oeed mter-* 
ial and a Tery troublesojae colloid* fhis was overcome by 
filtering on a Buchner funnel# The ether was remoifcd on a 
^ater'-batia and a considerable amount of a yellow liquid reiriaia-
ed» The liquid soon decoaposed to a resin. 
A second o^periiasnt was carried out as described for 
tfee pre-^lous one« T3ie dry ether solution vms treated with 
j phenylraagaesiura brc«aide as described by Gilman and Beaber^. 
I There was a reaction bett^eeix tiie supposed ester and the 
I Grigcard reagent and a i«fhite precipitate ^ as foriaad# After 
* -
I tjae reaction was cosmleted it iias hydroiysed by pouring into 
1 
I cold water contaixiii^; a saall aaouat of aeatic acid# Tlie 
j 
jhydrolyaed laisture was esrtracted witii ether and dietilled^ 
j 
{Aijpareiitly no products ^ ere formed other tiiaii diphenyl# 
r 
i 1 
? 2 
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A third experiment was carried out as described. 
The resulting oil was analyzed for sulfur by the carius method. 
The results showed that the oil was a loizture, probably of £-
toluenesulfonio acid, ]D-tGluenesulfc chloride, farfuryl 
alcohol, and traces of furfuryl ^ -'toi^enesulfonate if formed. 
The ainount of sulfur found to be present was 4.39^ against the 
theoretical of 12«72^. 
A fourth esperiment was carried out as described 
except mat the reaction mixture was filtered and not washed 
with water as it was thought that water aiight have caused the 
decomposition of the ester if formed, A sulfur analysis show­
ed 2*20^ sulfur. This esperiinent indicates that the ester was 
not formed as a ailfur analysis of the product should ^ow more 
approximately the theoretical amount of 12.72^. A number of 
runs ^ ere made in which the reaction time was varied from ten 
to thirty hours. There was no" evidence of the formation of 
fia^furyl £-toluenesulfonate. 
One attempt was made to prepare furfuryl ^ -toluene-
sulfonate by heating the alcohol and j^~toluenesulfo chloride 
I 
I in dry benzene. Nineteen and six-tenths grams (o.2 miole) of 
I 
i 
{furfuryl alcohol and 38.1 g, (o.2 mole) of ^.-toluenesulfo 
1 
I chloride were dissolved in loo cc, of benzene. The solution 
I was refltixed and the furfuryl alcohol decomposed to a tar. 
IHydrogen chloride was not evolved, 
I A number of attempts were made to prepare furfuryl 
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^-toluenesulfonate after the direotions of Perns and Lapworth, 
l2 
and Einhorn • To 38.1 g. (0.2 mole) of ^ -toluenesulfo 
ciiloride in 50 ec* of aniLydrous cliloroform ms added with 
stirring S3,7 g. (0*5 mole) of pyridine. The chloroform solu­
tion was cooled in an ice-bath "before the addition of the 
pyridine# After the addition of the pyridine the ice-bath was 
removed and the loizture was allowed to warm to £5°. A solu­
tion containing 19»6 (0.2 mole) of furfuryl alcohol and 
7.9 g. (O.l mole) of pyridine in 25 cc* of chloi'oform. v^as run 
in slov/ly. The temperature of the reaction mixture rose from 
25° to 60^ and the mixture turned brosm. At the md of two 
hours the reaction mixture was heated to boiling for four 
hours and poured into water, and extracted ^rflth chloroform. 
It was dried over potassium carbonate and distilled. The only 
product was a small amount of tar. A second run was carried 
out on an ice-bath and. not refluared. The result was the same. 
A series of runs using both methods failed to produce a trace 
of the desired ester. 
j^-Toluenesulfo chloride reacted vigorously with sod­
ium furfurylate. The sodium furfurylate was prepared as des­
cribed in the. first method and suspended in anhydrous ether# 
ifhen the sodium furfurylate frcan 9,6 g. (o.l mole) of furfuryl 
alcohol suspended In 60 cc. ether was treated 7ath 19.0 
(0.1 mole) of 2"''^olu®nesulfo chloride in 50 cc. ether a vigor­
ous reaction took place and a 7/hite precipitate formed. After 
the reaction had subsided the niixture was cashed witli water^ 
dried and distilled. The ether solution yielded a small 
amotint of furfuryl alcohol and jg;~toliienesulfo chloride. 
^9 g, (o<5 mole) of furfuryl alcohol suspended in S50 cc, 
ether was treated with 95 g* mle.) of ^ -toluenesulfo 
chloride in 250 cc. ether* After the first Tigorous reaction 
had subsided the mixture was reflu2Bd for two hours# The 
ether solution ^ 3as washed with water and sodium "bicarbonate 
and dried. After the ether was remoTed on a water-bath the 
resulting product was distilled, A yield of 8 g, of a light 
yellow liquid was obtained boiling at 110®-112®/5,5 mm. This 
confound did not contain ^Ifur and could not be hydrolyzed 
i by boiline it with alcoholic potassium hjrdroside. 
I treating potassium benzylate with £;-toluenesulfo chloride in 
benziene and essplained the formation of the ether as discussed 
1 in the Introduction to this study, 
I It is believed that the compound is di-£-furfuryl 
ether and formed by a similar series of reactions as that ad~ 
17 
vanced to explain the formation of dibenzyl ether, Zanetti 
has prepared di-^-furfuryl ether by the action of «^-furfuryl 
bromide and iodide on the alcohol in presence of potassium 
hydroxide, and reported its boiling point as 101®-l03°/3 m. 
Ho further information was obtained to prove the identity of 
A second run containing the sodium furfurylate from 
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the eoB5)ound* 
Reaotion Between Furfuryl Alcohol, Benzene and 
Anhydrous Almalnum and Zinc chlorides.- Nineteen and six-
tenths grams (0.2 mole) of furfuryl alcohol were dissolved in 
50 g. (0.64 mole) of anhydrous benzene, and to this solution 
was added 26.6 g. (O.l mole) of anhydrous aluminum chloride at 
room temperature. The reaction mixture was stirred and after 
a short time the temperature of the reaction mixture rose and 
a violent reaction took place with decoii5)osition of the alcohol. 
Tar was the only product. 
Zinc chloride was substituted for aluminum chloride 
in the reaction just described with similar results. Tar was 
the only product. 
TABLE II 
CONSTANTS AI'ID iiNALYSES OF ESTERS OF FUROIC ACID, 
S -FURYLACRYLIC ACID AND TETRAIffDROI'URFURYL ALCOHOL 
Ester Yield B. P. 
20 
d 
20 
Anal 
Carbon 
ysis 
Hydrogen 
Oalc, Found Calc. ^ ound 
Tetrahydrofurfuryl acetate 80.55^ 61-62/45mm. 1.0587 
" benzoate 72,85'S 164-166/5iiim« 1,1239 
" ^-fuiTlacrylate B4,7^ 163-167/4inm. 1.1450 64,85 
64.95 
> 64.90 6,36 
6,20 
6,24 
" clnnamate 77,5^^ 180-181/4I131J1, 1.1199 72.3': 
72.05 
72.14 6,94 
6,75 
6,81 
" trimethyl acetate 79.0?S 
137-138/40.5 
mm. 0.9764 64.4t 
64.36 
64.12 9.75 
9,80 
9,53 
" monoohloro acetate 48 10l-104/4ram, 1,2282 
Chi 
19,8€ 
orlne 
20.01 
20.00 
" dichloro acetate 58.1?^ 106-108/4mm. 1,3095 31.6€ 
31.84 
31.62 
8 - Chloroethyl furcate 8.0^ 116-117/9iimi. 1,2952 20, 3J 
19.95 
20.05 
^-furyl-
S - chloroethyl acrylate 80,0^ 130-132/4mm« 1,2342 17.66 17,56 17,50 
i 
o» 
I 
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suimHr 
A jwniber ot esters of tetrahydroftirfuryl alcohol, 
^-furylacryiic acid and furoic acid have been prepared -with a 
view to their utilization as insecticides, fumigants or per­
fumes. The attempted preparation of inono~and dichloroaeetyl 
esters of furfuryl alcohol and of furfuryl ;£-toluenesulfonate 
has been discussed. 
sodium furfurylate has been prepared and character­
ized* 
several experiments with furfuryl alcohol and anhy­
drous zinc and aluminum chlorides have been described. 
SOME STUDIES CK ']!HE PRIPAEATIOK OF KETQMES CONTAINING 
THE FURAH PJNG MD THE MONO-MD DXHyDBOXTBEKZEIffilS 
IKTHODUCTIOl 
Tills study was carried out in order to prepare soias 
furan ketones containing one or more liydroxyl groups for pliys-
iological studies and as insecticides• 
Phelps and Hale^ were the first to prepare a ketone 
containing the fur an ring hy means of the Friedel-Crafts reac­
tion, They prepared 3,5-^ibenaoyl furan in a yield of 96^ by 
the action of dehydromucyl chloride on benzene in the presence 
of anhydrous aluminum chloride. 
2 l!^q,uis prepared 2-benzoyl furan in a similar man­
ner using furoyl chloride, benzene and anhydrous aluminiim 
chloride in a yield of 85^S, 
•x 1 
Gilman and Hewlett by the method of Phelps and Hale 
prepared a number of 2-benzoyl furans in i^hich the benzene rigg 
contained various substituents. 
Renshaw and Haylor^ treated pyrogallol with furoic 
acid and anhydrous zinc chloride and obtained a red-brown sub­
stance. The structure of the substance was not giiren. 
1 Phelps and Hale, Am. Chem, J.> 85, 445 (1901). 
2 Marquis, Am. chim. phys., Jb) 4, 196 (see 276) (1905). 
>S Gilman and Hewlett, Iowa State ?ollep:e J.sci., 4, 27 {1930). 
j 4 Renshaw and Haylor, £. Chem. Soc ., mT %62 Tl922) . 
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Kostanecld. and Podrajanslcy^ prepared furfuralaceto-
piienone by "felie action of a XO^ sodinni hydroxide solution on 
an alcoholic solution of furfural and acetophenone. We were 
unable to prepare this compound by the action of furylacryloyl 
. chloride on benzene in the presence of anhydrous aluminum 
chloride, 
Dobner prepared jgi-hydro3cybenzophenone by heating 
benzoyl chloride and phenyl benzoate with zinc chloride at 
180®. He also prepared the mono-substituted benzoyl ketones 
of catechol, resorcinol and hydroquinone using the same inethod, 
and the dibenzoete of each phenol, a reaction was carried out 
between p|ienyl acetate, benzoyl chloride and zinc chloride. 
The reaction that took place is illustrated by the following 
I equation, A ketone was not formed. 
0 
> S, y V " (ZnClg) 
( <_J-0-C-CEa+ <^-C-Cl ^ CHaC-Cl +O-C-'0-<I> 
I " (Heat) II II 
! 0 0 0 j In this study the diacetate and dibenzoate of cate-
i 
i chol and hydroq^uinone were used. The reaction products were 
I worked up in such manner as to hydrolyze any esters formed, 
s f 
1 The desired ketones were not obtained, 
I 
1 
5 Eostanecki and Podrajansky, Ber., 29, 2248 (1896). 
{ X6 Dobner, inn., 310, 246 (lOSlTT" 
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7 
Koaarowslcy and Kostanecki assigned the folloiyiiig 
• 6 
structure to the ketone prepared hy Dohner "by the action of 
benzoyl chloride on resorcinol dihenzoate in the presence of 
zinc chloride with the aid of heat; 
OH 
They prepared the Gosapoand using the method of DJencIci ajid 
8 
Siebier by heating equal parts of benzoic acid, resorcinol 
and zinc chloride to 160The structure assigned to the com~ 
pound given above was the Msis for the structure given to 
E,4'^ihydroxybenzoyl furan# 
A reaction was carried out using phenol, furylacry-
8 
lie acid and zinc chloride , with results described in the 
Experimental part of this paper. 
9 
Behn and others have used nitrobenzene as a solvent 
in the preparation of ketones by means of the Friedel-Crafts 
10 
reaction, Hinegardner and Johnson used nitrobenzene as a 
solvent in the preparation of chaulmoogrylresorcinol by means 
of the Friedel-Crafts reaction# They did not use carbon di-
>^7 Koiaarogslgy and Kostaneclci, Ber.^t S7, 1997 {1894)» 
^8 Nenaki and Siebier, pr^t. Chaa.« (2) 85^ 147 (1881 )• 
9 Behn, chem. aentr*. Tl898), I, 1285.5 Ger. -pat.. 95, 901 (1897) 
fe'rdl., 143 (1897-1900)) f Klarmann, J. Am. Chem. soc.. 48 
791 (19*26)1 Bartlett and Garland, ihld.. 49^ 2098 (1927). 
^10 Hinegardner and Johnson, ibid., 51. 150S (1929). 
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sulfide as a solvent wiien free resorcinol v/as used but eiig)loy~ 
ed the l^S-dlmetiiozybensene instead. They obtained a mixture 
of the diBiethyl ethers of ehaulaoogxylresorcinol. 
In this study similar reactions were carried out 
between furoyl chloride, l,3-dii2ethosybensene and aluminim 
chloride using carbon disulfide and nitrobenzene as solvents. 
In both cases one ether group was removed and the resulting 
product "was completely soluble in sodium hydroxide. The 
position of the ether group is now knovm. It was found possible 
to prepare 2^4-dihydro2ybenzoyl furan in carbon disulfide from 
furoyl chloride and resorcinol in the presence of aluminum 
chloride. One or more of the hydroxyl groups were esterfied 
in a small fraction of the product. 
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SXPERIMSKTAL PAET 
Chemicals* 
The Tarious phenols used (phenol, resorcinol, cate­
chol, hydroquinone) were C. P. chemicals. All solvents were 
dry and pure* The furoyl chloride and farylaeryloyl chloride 
5 \?ere prepared as described by Gilman and Hewlett . The alum­
inum chloride employed ms the C# P. sublimed chemical. All 
the esters used in this study were freshly crystallized from 
alcohol and then dried« 
ADparatus, 
A3JL the reactions leading to the fcrmatlon of 
ketone's or esters were carried oat in a S-neek balloon flask 
of suitable size. In every case the flask was equipped ?ath 
a mercury seal stirrer, dropping funnel and Hopkins condenser 
when needed. The di-opping funnel and condenser v.'ere protect­
ed from moisture T;?ith drying tubes filled with anhydrous cal­
cium chloride. 
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Reaetlons Between Phenol and Furoyl chloride _ 
1st, Run* A solution of 52,6 g. {0.35 mole) furoyl 
chloride dissolved in 75 oc. of carbon disulfide was added 
dropwise over a period of three hours to a mixture of 18.8 g. 
(0,2 mole) of phenol and 57 g. (0,214 mole) of aluminum chlor­
ide in loo cc. of carbon disulfide. The addition was carried 
out at room temperature and a slow reaction started at once as 
was evidenced by the evolution of hydrogen chloride. The mix­
ture was stirred at room temperature for six hours and was then 
heated on a water-bath to refluxing for thirty hours. Hydrogen 
chloride gas was evolved slowly to the end of the reaction. 
After removal of the carbon disulfide on a water-bath the re­
sulting yellow mass was hydrolyzed with cracked ice and then 
steam distilled. The water residue was extracted v/ith ether 
and the ether solution was dried and distilled. The yield of 
phenyl furoate boiling at 13^-159°/3mm, was 12 g, or 51.9^, 
This compound is a yellow oil which when crystalliaed from 
petroleum ether melts at 42°. This compound was identified by 
an analysis and a mixed melting point determination with the 
11 
coHQ)ound previously prepared by Hewlett . They prepared the 
ester by the action of furoyl chloride on a water solution of 
sodium phenolate. 
11 From the Ph,D, dissertation of A, P, Hewlett (1930), 
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•Anal* Calcd. for CuI^OaJC, 70.19} H, 4*E9» Found: 
_ 69.98 „ 4.48 
70.10^ 4.39* 
There ms some unchanged furoyl chloride, phenol and 
considerable tar in the waste material. 
A high boiling fraction remained in the flask after 
the phenyl furoate had been distilled off. After the identifi­
cation of the first fraction as phenyl furoate it was thought 
that the high boiling fraction mi^t have the following struc­
ture: 
It is a white cirystalline compound and stable. With this 
structure in mind the substance was hydrolyzed with alcoholic 
potassium hydroxide. The alkaline solution was saturated with 
carbon dioxide and extracted with ether. After drying, the 
ether solution was evaporated and yielded a white solid which 
was recryatallized from hot benzene. The yield of 4-hydroxy-
benzoyl fiiran, (H0CftH4C004Hs0), melting at 165°-164° was 5,9 g. 
or 15,8^b® 4-Hydroxybenzoyl furan is a white crystalline 
stable co2i5)oand and soluble in alcohol, ether and in hot ben­
zene and carbon tetrachloride. 
HC-CH HC -CH 
This confound after one crystallization from a mix­
ture of benzene and petroleum ether (b.p.40-68®) melts at 84®. 
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Anal, Galcd, for CitEeOa: C, 70.19; H, 4.S9, 
Ti'O'ri'nfl • f* 69 ii 95 , -q- 4: •4:0 
roima. c, 59,99 » H,. 4,35 • 
Tile "water solution from wliicli the 4-liydro2ybenzoyl 
furan was remoTed was acidified and siiown to contain furoie 
. acid> Ho other compound 7/as isolated. 
Identification of 4''H3rdro33r'ben2oyl Furan,-
The methyl and ethyl ethers were prepared after the 
12 directions of Hiers , In this method the phenolic hody is 
treated in a oold sodium hydroxide solution with a calculated 
amount of the desired alkyl sulfate. The jaethyl ether melts 
at 50° after two crystallizations from hot "benzene. It is a 
•white crystalline stable coiopound. The ethyl ether melting 
at 70® was identified as 4-eth02ybenzoyl furan. It had previous-
ly been prepared by Gilman and Hewlett and was identified by a 
mixed melting point determination with the compound prepared 
by them. 
4-Meth02ybenzoyl furan was oxidized to 4-methoxy-
benzoic acid by means of a neutral potassium permanganate solu-
I tion. One gram (0,00495 mole) of the ether v/as added to 20 cc. 
of water in a 50 cc. Erlenmeyer flask eauipped with a reflux 
condenser, small crystals of potassium permanganate were 
added from time to time ©"ver a period of twenty-four hours 
i 
I 12 Hiers, Org, syn.. 9, 12. 
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until the solution remained colored* This solution yielded a 
7/hite crystalline Gowpoimd melting at 184°. It was farther 
identified as 4-iiietho2y ben zoic acid by a mixed melting point 
determination with an authentic sample of the acid. By this 
means the furan ring was proved to be in the 4'-position with 
respect to the hydroxyl group* 
4-Eydroxybenzoyl furan was further identified by the 
preparation of the oxLme of the ethyl ether as described by 
Gilman and Hewlett • The 02ime melting at 145° is a white 
crystalline coarpound, A mixed melting point determination was 
made with this compound and the compound prepared by Gilman 
3 
and Hewlett and there was no depression in the melting* point. 
cess of phenol as follows. Twenty and seven-tenths grams 
(0.22 mole) of phenol and 27 g. (0*101 mole) aluminum chloride 
were added to 75 cc. of carbon disulfide. To this mixture was 
I added dropwise over a period of three hours 26.1 g. (0.2 mole) 
i 
I of furoyl chloride dissolved in 50 cc. of carbon disulfide. 
i 
i The reaction was carried out and worked up as before. A yield 
I of 58.5^ of phenyl furoate v/as obtained. Ko trace of 
I unchanged phenol and tar were the other products of the reac-
i 
I tion. It is possible that the yield of phenyl furoate was re^ 
2nd. Run. Run Ko. 1 was repeated using a sli^t ex-
HC — CH EC CH 
11 11 
could be found, considerable 
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duced by hydrolysis during steam distillation^ Furoie aoid 
in tiraces eould be isolated from the water solution. 
The two runs previously described have shown that 
4-hydroxybenzoyl furan was not prepared in satisfactory yields 
by the method used. The nexrb step was to "block the hydroxyl 
group with an easily removed radical• 
Reaction Between Furoyl Chloride and Phenyl Benzoate.-
Twenty-nine and seven-tenths grams (0.15 mole) of 
phenyl benzoate were dissolved in 75 cc. of carbon disulfide 
containing 20 g. (0.075 mole) of altuainum chloride. To this 
mixture was added dropwise with stirring over a period of three 
hours 19,5 g. (0.15 mole) of furoyl chloride dissolved in 50 cc. 
of carbon disulfide. The reaction started slowly at room temp­
erature and darkened. The reaction mixture was stirred for 
four days and was then pou3?ed on cracked ice and steam distill­
ed. There was ma eh furoyl chloride and tar present. The water 
residue was extracted with ether and the ether solution was 
dried and evaporated. The residue was hydrolyzed with alcoholic 
potassium hydroxide and saturated with carbon dioxide and ex­
tracted with ether. After drying, the solution was evaporated 
and crystallized from benzene. There vias obtained 2.0 g. of 
4-hydrozybenzoyl furan melting at 165^164®, The yield was 7,1^, 
The previous eacperiment was repeated after the direc-
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tlons of Hinegardner and Johnson^^. Twenty-nine and seven-
tenths grams of phenyl "benzoate were dissolved in 75 cc. of 
nitrobenzene containing 20 g. (0.075 mole) of aluminiim chlor­
ide* To this mixture was added dropwise wit& stirring over a 
period of three hours 19*5 g. (0«15 mole) of furoyl chloride 
dissolved in 50 ce« of carbon disulfide. There was but little 
reaction at room temperature. The misiture was then heated on 
a water-bath at 45° for nine hours and at 8^90® for thirty 
hours. The blaclc reaction mixture was then poured onto crack­
ed ice and steam distilled to remove the nitrobenzene and other 
volatile impurities. After the water residue had cooled it 
was extracted with ether and worked up as previously described. 
The yield of 4-hydroxyben2oyl furan was 8.8 g. or 51.^. The 
other products of the reaction were furoic acid, furoyl chlor­
ide, phenol, benzoic acid, phenyl benzoate and tar. 
Reaction Between Furoyl Chloride and Phenol in Hit rob enzene. -
The previous e35)eriment was repeated substituting 
phenol for phenyl benzoate. Eighteen and eight-tenths grams 
(0.2 mole) of phenol and 27 g,. (O.lOl mole) of aluininum chlor­
ide were added to loo cc. nitrobenzene. To this mixture was 
added dropwise with stirring over a period of three hours a solu­
tion of 26.1 g. (0.2 mole) of furoyl chloride dissolved in 50 
cc. of nitrobenzene. The reaction flask was imnersed in an 
ice-bath for six hours. The ice-bath was then removed and 
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the reaction mixture v/as stirred at rooH temperature for tiiir~ 
ty laours and at 60®-65® for three hours. Hydrogen chloride was 
evolved slowly throughout the reaction. After hydrolysis the 
reaction product was steam distilled and extracted with ether. 
The ether solution was dried and evaporated, and the product 
was crystallized from benzene. The yield of 4-hydro2y"benzoyl 
furan was 9.2 g, or 24.5^1. After removal of the 4-hydroxyben-
zoyl furan the residue vras distilled and there was obtained 
21.6 g. of phenyl furoate or a yield of 57.5^, The other 
products of reaction were phenol, tar, furoyl chloride and 
furoie acid. 
Attempted Preparation of the Oxime of 4-'Hydro3i5'ben2oyl Fur an. -
lliree attempts were mde to prepare the oxime after 
13 the method of Goldschmidt and Zsn-oll . The ketone was 
dissolved in water containing enough sodium hydroxide to react 
with the hydrozyl group. To this solution was added two 
equivalents of hydroxylamine prepared by neutralizing the hydro-
chloi'ide with the calculated amount of sodium hydroxide. The 
reaction jjroduct was neutralized with dilute acetic acid and 
the -oroduct was identified. A fourth atten^jt was made as des-
i 
i cribed above except that the reaction was carried out on a 
I I water-bath at 50® for ten hours. In every case no trace of the 
I 
desired oxime was found. 
Two attaints were made to prepare the oslme after 
the directions of Hinegardner and Johnson^^. In this method 
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the ketone was treated with the desired quantity of hydrozyl-
amine hydrochloride in anhydrous pyridine and warmed on a 
water-hath at 70® for ten hours. The reaction product was 
then poured into water, filtered and crystallized from "benzene. 
It was shown to "be the unchanged ketone. 
The preparation of the oxime of 4-ethoxybenzoyl furan 
h.as been previously described» 
Preparation of a>4-Dihydroxybenzoyl guran«~ 
1st.Efethod, A solution containing 65,5 g« (0.50 
mole) of furoyl chloride dissolved in 100 cc. of carton disul­
fide was added slowly to a mixture of 55 g. (0.50 mole)of 
resorcinol and 67 g. (0.25 mole) of aluminum chloride in 500 cc. 
of carbon disulfide. The acid chloride was added over a per­
iod of four hours with stirring. After the addition of the 
acid chloride the reaction mixture was stirred at rooia temper­
ature for twenty-four hours and at its boiling point on a 
water-bath for tirelve hours. Most of the carbon disulfide was 
removed on a water-bath and the resulting heavy mass was hydro-
lyzed by adding craclced ice and steam distilled. The product 
was treated with alcoholic potassium hydroxide to hydrolyze 
any ester groups present and recovered by treatment with car­
bon dioxide. The yield of 2,4-dihydroxybenzoyl faran melting 
at 185-124® after 4 crystallizations from hot benzene was 81.6 
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g» or 805^, It is soluble in dilute sodium Ixydroxide and in 
hot benzene, carbon tetrachloride, chloroform and alcohol. 
S,,4-Dihydro2ybenzo7l furan is a yellow crystalline coinpound 
and stable, 
Anal. Calcd* for GxiHgO^; C, 6^.68; E, 5»95. 
Found: C, 64.72,, 64.78.1 E, 4«0l, 4.08. 
gnd.Method. A solution containing 26.1 g. (0.2 mole) 
of furoyl chloride in 75 cc. of nitrobenzene was added drop-
wise with stirring over a period of one and five-tenths hours 
to a solution containing 22 g. (G.2 mole) of resorcinol and 
26 g# (0.098 mole) of aluminum chloride in 100 cc. of nitroben«-
zene. The reaction started at room temperature and ms allow­
ed to continue at this temperature for two hours. It was then 
heated on a water-bath for one hour. A Tigorous reaction then 
toolc place as ^reis evidenced by a vigorous evolution of hydrogen 
chloride gas. The reaction mixture Yias hydrolyzed by pouring 
onto cracked ice. It was then steam distilled and -^Arorked up as 
described for the previous preparation. The yield of 2,4-di-
hydrosybenzoyl furan T«as 16.1 g. or 79fo, It is believed that 
the yield can be improved by heating the reaction mizture at 
a temperature lower than 70° as considerable tar was formed in 
the reaction described above. 
Attempted preTaaration of the Palme and proof 
of Straoture of 2«^^Dihydrosybenzoyl Furan >* 
The coiEpound T/as proved to contain two active hydro­
gens using the zerewitenoff^ method. This determination^^ 
WQ.8 carried oat "by treating 2,4-di]iydro3ybenzoyl fui-an in n-
hutyl ether with methylmagnesium iodide in n-bntyl ether. The 
reaction mixture was wariOBd to eoi^lete the reaction. The 
active hydrogen equivalents from two samples of 0«2015 g. and 
0.2106 6, weight were 1.95 and 2«00, respectively. 
Six attempts were made to prepare the oxime after 
13 the directions of Goldschmidt and Sanoli'^''^, The ketone was 
recovered unchanged. In each case 2 equivalents of hydroxyl-
amine hydrochloride and 4 of sodixm hydroxide were used. The 
tiioe of reaction varied from one day to one -week* 
one run was made as described above keeping the reac­
tion mixture at 50® for ten hours on a water-bath. 
Two runs were inade using the method of Hinegardner 
and Johnson^^. The ketone was heated ^ith 2 equivalents of 
hydroxylamine hydrochloride on a -raater-bath at 60®-?0® for ten 
hours. Ho oxime could be detected. A third laethod using 
sodium carbonate to neutralize the hydroxylamine hydrochloride 
was tried. The ketone was dissolved in 93^ ethyl alcohol and 
>- 14 Zerewitenoff. Ber.. 40. 2025 (1907). i 15 This ODpCrtunity is taken to express our appreciation to 
I Mr. H.~J. Yander v^al. and H. 12. Fothergill for their 
I kindness in determining the active hydrogens reported in 
this study. 
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Two attempts were made to carry out the reactions pro­
posed by scheme I as follows: A solution of26«lg. (O.S mole) 
of furoyl chloride in 75 cc, nitrobenzene was added dropwise with 
stirring over a period of one hour to a solution of 27.6 g, 
(0,2 mole) of 1,S-dimethoxybenzene and 26 g. {0«098 mole) of 
aluminum chloride in 100 cc. of nitrobenzene. The reaction 
mixture was cooled on an ice-bath during the addition of the 
acid chloride solution, and for two hours afterward. After 
the time noted had elapsed the ice-bath was removed and the re­
action allowed to proceed at room tecqoerature for four hours. 
A vigorous reaction took place with the addition of the acid 
chloride and continued to the end of the reaction. The mix­
ture was poured onto cracked ice and steam distilled. After 
--=• 55 
tlie residue liad cooled it ms extracted with, etiier* The 
ether solution was extracted with SC^ sodiuni hydroxide and dis­
tilled. 
bengene used was recovered# A simII anount of tar was left in 
the distillation flask. The alkaline solution was treated with 
aarhon dioxide and a yellow crystalline coagjound ms precipitat­
ed. A portion of this compound or miscture of compounds was 
crystallized 4 times from petroleum ether (h.p., 40°-60®). It 
melts between 75°-82®. 
ed by the solubility of the substance in sodium hydroxide. If 
one methyl group has been removed there is no way of showing 
which one with the evidence at hand. It is believed that if 
two methyl groups were removed some of the coii5>ound prepared 
by the action of furoyl chloride on resorcinol in carbon disul­
fide would have been obtained. There was no trace of a compound 
melting at 123®-124° though it would be difficult to separate it 
from the other coii5)Gunds present if formed. The yield calculat­
ed on the basis of one of the following formulas 
One and four-tenths grams or* of the l,3-dimetho3y-
The presence of one or more hydroxyl groups was prov-
was 59.2 g. or 90fo, 
The above experiment was repeated using carbon disul 
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fide as a solTent witii the same result. HoweTer, as this syn­
thesis was carried out for the purpose of identifying S,4:-di-
hydroxybenzoyl fiiran the product of the ahove reactions was not 
analyzed. One atte!i5>t was made to oxidize the compound with 
• neutral potassium permnganate. The C0ii5)0und was destroyed. 
in attempt was mde to carry out the reactions pro-
13 
posed by Scheme II after the method of Eiers . Twenty and 
four tenths grams (0.1 mole) of 2,4:-di|iydro2yhenzoyl furan was 
I dissolved in 400 cc. water with 8g. (0.2 mole) sodium hydroxide. 
The solution was cooled to 5° and 12.6 g» (0.1 mole) of dimethyl 
sulfate was run in. After the addition of the dimethyl sul­
fate the reaction tfas stirred at 5® for one hour and then heat­
ed to boiling for fifteen hours. A compound was obtained iiriiich 
was soluble in sodium hydroxide. This compound vias crystal­
lized from petroleum ether (b.p., 40®-60®). It limits between 
I 75®-82° and caused no noticeable lowering in a mized melting 
» 
[ point determination with the coii?)ound obtained from the reac-
! tion between furoyl chloride and 1, S^dimethoxybenzene in the 
I presence of aluminum chloride. The yield was 90^ of the 
1 theoretical if calculated on the basis that one hydrozyl group j 
i was methylated. An attaupt was made to nethylate the partly 
methylated coispound as described above without success, 
j <piie compounds prepared after Schemes I and II were 
I slightly soluble in boiling petroleum ether (b.p., 4:0®-60o) and 
soluble in boiling benzene, carbon tetrachloride and alcohol 
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and soluble in cold ether and sodium hydroxide. 
Reaction Between Catechols Furoyl Chloride and 
Aluisinmii Chloride in Carbon Disulfide and Hitrobenzene«-
A solution of 5S.5 g. {0«25 mole) of furoyl chloride 
in loo cc. of carbon disulfide was added dropwise with stirring 
over a period of three hours to a mixture of g7»5 g« (0.25 mole) 
catechiol and 37 g. (0.159 mole) of aluicinum chloride in EOO cc, 
of carbon disulfide* The reaction started slowly at room temp­
erature and was heated on a water-bath to the boiling point of 
carbon disulfide for forty-eight hours. After the carbon di-
sulfid,e was removed on a water-bath the resulting white mass 
was hydrolyzed with cracked ice, steam distilled and allowed 
to evaporate. The product was apparently in solution, but 
separated as the water evaporated. This substance once pre­
cipitated was very slightly soluble in boiling water. The 
substance is of a greenish blue color. It is soluble in 
acetone, sodium hydroxide, alcohol and ether and slightly solu­
ble in benzene and carbon tetrachloride. This compound could 
not be crystallized from any of the solvents mentioned or 
combination of them^ and separated from solution in an amorphus 
condition. 
The confound will dye cotton cloth a color much like 
that of the fur an analogue of malachite green, 
/ Four runs were made using 11 g, (0»11 mole) of cate-
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Choi, 13 g, (0#1 mole) of furoyl chloride and 13 g. {0»048 
xaole) of aluffiinuin chloride as described above. The Droduot 
from each run was similar to that obtained and described in the 
first run. ®Le yield of material was 90^ of the theoretical 
for Isjetone formation. A nimber of fusions on platinum foil 
i failed to show more than a trace of aluminum. The product could 
! not be hydrolyzed with alcoholic potassium hydroxide or 10^ 
hydrochloric acid. 
Two reactions were carried out as described, substitu­
ting nitrobenzene for carbon disulfide as a solvent. The reac­
tion proceeded rapidly and was completed in two hours. The pro­
ducts were similar to those previously described. 
Reaction Between Furoyl Chloride and the 
Placetate aad Dibenzoate of catechol.-
Four e3qperiments were carried out using the diacetate 
and dibenzoate of catechol in carbon disulfide and nitrobenzene, 
i respectively. All of the reactions were carried out and their 
! i products worked up as described in the following e:^>erlment, 
Nineteen and five-tenths g. (0.15 mole) of furoyl chloride in 
S5 cc. of carbon disulfide were added to 21 g. {0.15 mole) of 
catechol diacetate and 20 g. (0.075 mole) alizminum chloride in 
50 cc. of carbon disulfide. This mixture v/as heated to boiling 
I 
for four days on a water-bath. After most of the carbon disulfide 
had been removed the product was hydrolyzed by adding cracked 
•» 59 *• 
ice and steam distilled. The resulting hlaclc mass was removed 
froBi the water residue with ether and the ether evaporated. The 
products of reaction after hydrolysis with alcoholic potassium 
hydro3ide were found to he acetic acidf catechol, furoic acid and 
tar. All materials were identified by mixed melting point deter­
minations with authentic sai!5)les, ??hen nitrobenzene was used as 
a solvent the temperature of the reaction mixture was 70^• The 
amount of hydrogen chloride gas evolved in these experiments 
was small* Hot a trace of the green substance was found# 
Beactlon Between Hydroquinone. Furoyl pbioride 
and Aluminum Chloride,-
lst«Method, a solution containing 25.1 g, (o.2 mole) 
fiiroyl chloride dissolved in 75 cc. of carbon disulfide was 
added slowly to a mixture of 22 g, (0.2 mole) hydroquinone and 
26 g, {0.0975 mole) of aluminum chloride in 100 cc. of carbon 
disulfide. The acid chloride was added at room temperature and 
the reaction started at once and proceeded slowly for four days. 
After removal of the carbon disulfide on a water-bath the pro­
duct was hydrolyzed with cracked ice, filtered and dried. The 
resulting white solid was crystallized from boiling benzene 
and melted at 193*^-195®. It is a white semi-crystalline solid 
and soluble in sodium hydroxide. 
The substance was hydrolyzed with sodium hydroxide, 
and the products of hydrolysis were hydroquinone and furoic acid. 
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Ko trace of the expected ketone cotild be foamd. If tiie com­
pound be represented by tlie following forisaila 
HC — CH 
/ V. II II 
H0-< >-0 - C - C CH 
II ^0"^ 
0 
it should give one active hydrogen as deteriained by the zere-wit-
enoff^^ method. This determination^^ was carried out as previous 
ly described* The active hydrogen equivalents from two saii5)les 
of 0,2099 g. and 0*2165 g, weight were 0»95 and 0.97 respective­
ly* 
Anal* Calcd. for C» 64»68j E, 3.95. 
Found; 0, 65.17> 65.01; H. 5.67, 3.75, 
The yield of the ester was 34.3 g* or 
11 
Hewlett has prepared hydroquinone difuroate by the 
action of furoyl chloride on a water solution of hydroquinone 
in dilute sodium hydroxide. The coit^jound melts at SCO®. A 
mised melting point determination with his co]i5)ound and the 
supposed hydroquinone monofuroate showed a melting point lo?/er-
11 
ing of from 7°-l0°. Hewlett was unable to prepare hydro­
quinone monofuroate by his method. 
Snd.Method. The reaction described in 1st. method 
was repeated using nitrobenzene as the solvent. The reaction 
was completed in three hours at room temperature. After the 
H The saponification equivalent was determined and found to 
be 184.B and 188,1 against the theoretical value of 204.06. 
The solutions were so highly colored as to obscure the end-
point of the titration. 
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reaction mixture liad been poured on cracked ice it was steam 
distilled and treated as previously described. The product 
was identified with that previously described, Hydroq.uinone 
raonofuroate was obtiained in a yield of 80^, There was consider 
. able tar fomed which can probably be prevented with cooling. 
Atteiirpted Preparation of a Ketone containing 
the Benzene or Substituted Benzene Ring!; and the 
gurylacryloyl Group 
A solution containing 31.S g. (0.2 mole) of furyla-
cryloyl chloride in 150 cc. of carbon disulfide was added drop-
wise with stir3?ing over a period of five hours to a mixture 
containing 18,8 g, {0.2 mle) of phenol and 27 g, (O.lOl mole) 
Gf aluminum chloride in 200 cc. of carbon disulfide. The reac­
tion mirture was cooled with a freezing ndxture of ice and salt 
and was stirred tor five hours in the bath. It was noticed 
that the reaction mixture turned a deep red color when the 
first fe\T drops of furylacryloyl chloride solution v/ere added. 
After the carbon disulfide had been removed on a water-bath 
the reaction mixture was poured onto cracked ice, A black 
carbonaceous mass was the result. The product was extracted 
with ether and v/oi-ked up in the usual manner. One gram of a 
13 
red. oil ?/as obtained which did not give an oxime • This oil 
I 
d.ecoag)Osed to a resin on standing, 
A second attempt v/as made using the same amount of 
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materials at a temperature of -5° to -10®. Inougli calcitim car­
bonate was added to react witli the iiydrogen cliloride theoretic­
ally formed in the reaction^ I!lie results were as described in 
the first experiment, 
A third, run using ferric chloride was carried out as 
described in the first eapei'iment. Carbon and tar were the pro­
ducts of the reaction* 
An attempt was made to prepare furfuralacetophenone 
from benzenes furylacryloyl chloride and aliuninum chloi^ide, A 
solution containing 21 g. (o«134 mole) of furylacryloyl chlor­
ide in. 50 cc, of benzene was added dropwise with stirring over 
a period of seven hours to a misture of 21 g, (0.078 mole) 
aluminum chloride in 150 cc. of benzene. The reaction flask 
was immersed in an ice-"bath and a stream of well dried nitrogen 
was passed through the reaction mixture to remove as mach as 
possible of the hydrogen chloride that was formed. The reaction 
mixture was worked up as previously described and the results 
were as before. 
j One atten^t was made to condense furylacrylic acid 
I 8 
with phenol after the directior^s of Nencld. and Siebier • 
Twenty-seven and six-tenths grams (0.2 mole) of furylacrylic 
acid and 18.8 g, (0.2 inDle) of phenol were heated to 160® in 
an Erlemaeyer flask v/ith 50 g. (0.22 mole) of anhydrous zinc 
I chloride. A vigorous reaction took place and a heavy red tar 
i 
was the only pi'oduct. This tar resisted all attempts at 
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cry stalll zat l<m. 
One attei35>t was loade to eandens© fiiryXacrylic acid 
with phenol in a sealed tube at 1SO®*^190®. Eighteen and eiglit-
tenths grams |0.S mole) of phenol and 27,5 s» (0.2 mole) of 
furylacrylic acid were mixed and heated in a sealed tube at 
180®-190** for forty-eight hours. The products isolated were 
phenol^ furylacrylic acid and a small amount of tar. 
scjmEr 
phenyl furoate was prepared in good yields from 
phenol and furoyl chloride by Friedel-Grafts reaction in carbon 
disulfide and nitrobenzene. 
4-iiydro2yben2oyl fur an was prepared in a yield of 
15.8^ when phenol was treated \7ith an excess of furoyl chloride 
in carbon disulfide. 4-Hydroxybenzoyl faran was obtained in a 
yield of 7.1^ when phenyl benzoate was treated with furoyl 
chloride and aluminum chloride in carbon disulfide, when the 
reaction was carried out in nitrobenzene the yield of 4~hydroxy-
benzoyl furan was Z1*efo* 4-Hydroxybenzoyl furan was prepared 
in a yield of 24.5^ when phenol was treated with furoyl chlor­
ide and aluminum chloride in nitrobenzene. In the same reac­
tion the yield of phenyl furoate was 57.5^. 
2,4-Dihydroxybenzoyl furan was prepared in a yield 
of 8C^ when resorc^ol was treated with furoyl chloride and 
- M -
aJbumlmtm eliloride in carbon disulfide, when nitrobenzene was 
used as a solvent the yield \ms 7^. The position of the ketone 
group has not been established. 
Eydroquinone mono fur oat e was prepared in a yield of 
84^0 when hydroquinone was treated -srith ftiroyl chloride and 
aluiHimm chloride in carbon disulfide. ?/hen the reaction 
carried oat in nitrobenzene the yield of the ester isas 80^. 
All attempts to prepare a iietone from the diaeetate and diben-
zoate of hydroquinone failed. 
Catechol failed to yield either ester or ketone. 
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SOME STUDIES ON THE ATTE^IPTED PHEPiRATION OF 
£.-ikMI!50BENZ0YL MJMH 
IHTEODUCTION 
It was desired to prepare ^ -aminobenzoyl furan for 
some physiological studies and as a possible insecticide. This 
compound would be valuable as a basis for a series of dyes con­
taining the furan ring and for synthetic purposes. 
The introduction of ketonic groups into a benzene 
ring which contains an amino group can be effected by a variety 
of methods. 
1 
Kunckell has prepared a number of ^ -substituted 
acetanilides by treating acetanilide with the desired acid chlor­
ide in carbon disulfide in the presence of a large excess of 
aluminum chloride. The free amine can be easily obtained by 
treating the acetanilide with dilute hydrochloric acid, follow­
ed by sodium carbonate. Good yields are reported for this 
method. 
2 
Dobner has 2sade use of a similar method in an ingen­
ious manner. ;g^-Aminoben2ophenone was prepared by hydrolyzing 
the coi^ound formed by treating phthal-anil with benzoyl chlor­
ide and finely powdered zinc chloride at 180®. The phthal-anil 
1 Eanckell« Ber.. 55. 2641 (1900). 
S D5bner, Ann.. 210. 246 (see 260) (1881). 
- B5 
ttsed was prepared in practically quantitative yields by treat-
s ing aniline witii phthalie anhydride* Torrey and Rafslsy have 
repeated the work of Dolmer^ and have described an improved 
method for working up the product of the reaction. 
A 
Clarke and isselen have prepared jo-aminobenzophenone 
by hydrolyzing the product obtained by treating benzanilide at 
200^-210° with benzoyl chloride and zinc chloride. The maziBaim 
5 
yield reported was 4^. chattaway has reviewed the literature 
of the preparation of ketones by the action of aoid chlorides 
on aniline at high teinperatures with or •nrithout zinc chloride 
as a catalyst. The preparation of ^ -aminobenzophenone in 
good yields is described. 
Several attempts were nade to prepare 
6 
benzoyl furan after the directions of Hurd and Webb for 
j^-dimethylaminobenzophenone without success. 
nitrobenzene has been used as a solvent in Friedel-
7 
Crafts reaction by Behn and others. This method -was tried 
without success. 
• 3 Torrey and Bafsky. J. im. Chem. soc., 52, 1489 (1910). ~ 
-4 Clarke and Ssselen,"^. im. Chem. Soc.» 55, 1135 (1911). 
5 Chattaway, Chem. Soc., 85> 386 (1904)7 
e Hurd and Webb, Or^. svn.. 2» 24. 
•7 Behn, Chem. Zentr., 11898), I, 1223. Ger. pat.,95901 (1897), 
(Frdl.T^ 145 {'1897-1900)): ,Klarmann, J. m. Chem. Soc.,^, 
791 (1926)} Bartlett and Garland, ibid,, 49, 2098 (1922); 
Hinegardner and Johnson, ibid,, 51, 1505 (1929). 
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E2P1EI1,5EHTAL PART 
Apparatus.-
All Friedel-crafts reactions were carried out in a 
5-neck iDalloon flask of suitable size equipped with a dropping 
funnel, mercury seal stirrer and Hopkins condenser. The con­
denser and dropping funnel were protected from the atmosphere 
with drying tubes filled with anhydrous calcium chloride. 
Furoylanillde> (C4HaOCONHC#Es )•- This compound was 
Q 
prepared after the directions of Baum . The reaction was 
carried out in a 250 oc. Erlenmeyer flask equipped with a 
dropping funnel., reflux condenser and drying tube. To 61.4 g, 
(0.65 mole) of freshly distilled aniline ?/as added 59 g. (0.3 
9 
mole) of furoyl chloride over a period of three hours. After 
the first vigorous reaetion had subsided the reaction mixture 
was heated to 130® until no more hydrogen chloride was evolved. 
The product was dissolved in hot 9^ alcohol, treated with 
Norite and allowed to ciTrstallize. The yield of furoylanilide 
melting at 123° was 50 g. or 90^. 
Phthal»anil, (CjH^CaOaNC^Hg ) •- This compoiind was 
p 
prepared after the directions of Dobner . To 18,5 g. (0.2 
mole) aniline in a350 cc, Erlenmeyer flask was added with 
vigorous shaking 29,6 g. (0.2 mole) of phthalic anhydride, 
8 Baum. Ber.. 57, 2949 (1904), ^ 
/9 Gilman and Hewlett, Iowa State College J, S£i,, 4, 27 (1929). 
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A very vigorous reaction took place and. ?/ater was evolved^ Tlie 
solid product formed was heated on a hot-plate at 210° for one 
hour to complete the reaction. A practically ciuantitative 
yield of phthal-anil melting at 204° Y/as obtained, T'his com­
pound was used without further purification. 
Beaction Between Acetanilide 
and 3ruroyl Chloride in Carbon Disulfide 
l^e following experiment was carried out after the 
1 directions of Kunckell . To 26 g, (0,2 mole) of furoyl chlor­
ide and 38 g* (0.142 mole) of finely powdered anhydrous aluia-
imiTn chloride in 50 cc. of carbon disulfide^^ was added with 
stirring 13.5 g. (0.1 mole) of acetanilide in 20 cc. of carbon 
disulfide. The acetanilide ^ as added over a period of three 
hours at 54°, Hydrogen chloride was slowly evolved throughout 
this period. After the acetanilide had been added the reac­
tion mixture was heated to the boiling point of carbon disul­
fide on a water-bath for three hours, iiydrogen chloride was 
evolved rapidly during this time and a hea'vy red aluiQinum 
chloride complex separated. The reaction mixture was poured 
onto craciced ice and steam distilled. After the residue had 
cooled it was extracted with ether to remove both solids and 
liquids from the ?/ater. A part of the ether extract was evapor 
lO The carbon disulfide used was well dried over anliydrous 
calcium chloride and filtered. 
- s e ­
ated and reflu2:ed with 15^ iQ»-drooliloric acid for five hours. 
The liydrocliloric acid solution ms iTOrked up and yielded aniline 
and tar* An investigation of the steam distillate revealed, 
analine. The ether fraction not hydrolyzed was evaporated and 
hydrolyzed "i^ith IQ^ alcoholic sodium hydroxide and yielded ani­
line and tar. Acetic acid, furoic acid and traces of furoyl 
chloride were Isolated from all \=7ater residues. 
A second inin was made as described except that the 
reaction mixture was refluxed for eight hours. After hydroly­
sis the product was filtered and the filtrate was extracted with 
ether and added to the solid that had been removed by filtration. 
The ether was removed and the residue was hydrolyzed Vfith 15^ 
hydrochloric acid at 90®~95° for five hours. After the solu­
tion had cooled it was neutralized with dilute sodium hydroxide 
and extracted with ether. The ether was removed on a water-
bath and the residue was distilled under reduced pressure. 
After the aniline present had distilled OYQT there remained in 
the distillation flask a small amount of a solid compound. This 
material cr^'-stallized from boilins water in the form of thin 
yellow plates. It melts at 140° without decomposition and is 
stable. This congjound contains nitrogen and is soluble in 
dilute hydrochloric acid. 
A third run was carried out as follows; To 13 g. 
(0.1 mole) of furoyl chloride and 19 g. (0.071 mole) of alum­
inum chloride in 25 cc. of carbon disulfide was added lo.5 g. 
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(0*1 mole) acetanilide in 20 cc« carbon disulfide at 24°. 
Tliis mixture was stirred at 34:° for eight hours and worked up 
as previously described using the hydrochloric aoid method of 
hydrolysis. A few crystals of the 140° compound v/ere obtained. 
A fourth run v/as carried out in v/hich the furoyl 
diloride was added to a misture of acetanilide and aluMinuni 
chlo3?ide» ?o 6,8 g. (0.05 mole) of acetanilide and 24 g, (0»089 
mole) of aluBiinum. chloride in 50 cc. of carbon disulfide v^as 
added 13 g. (0.1 mole) of furoyl chloride in 20 of carbon 
disulfide. The reaction jnixture iras refluxed on a water-»bath 
for forty hours and hydrogen chloride v/as evol-ved slowly throu^^' 
out. After hydrolysis of the aluininuia. chloride complex the pro­
duct -was hydrolyzed with hydrochloric acid as preYiously de­
scribed. The pixjducts were aniline, tar and a trace of the 
140° coiapound. The reaction just described was repeated and re-
fluxed for eight hours instead of forty with similar results. 
It was thought to be of interest to investigate the 
product from the reaction between acetanilide, furoirl chloride 
and alximinum chloride after the reaction product had been pour­
ed onto oraclced ice. With this in roind a run was made like 
that described in the previous paragraph. The reaction inix-
ture after hydrolysis with cracked ice was filtered and the 
solid material thus obtained was dried and crystallized from 
benzene* There was obtained two fairly well defined grey 
amorphous solids. The first fraction melts between 150°-160° 
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and the second between 186®-19?® without noticeable decoiigjosi-
tion. Repeated recrystallizations from benzene failed to im­
prove tlie inelting points reported. Tlie two solids were combin~ 
ed end hydrolyzed with 1^ iiydrocliioric acid and yielded tar, 
aniline aM a trace of the 140° conipound. 
Two general laethods have been described in which 
acetanilide in carbon disulfide was added to a mixture of alum­
inum chloride and furoyl chloride, and in which furoyl chloride 
in carbon disulfide was added to a mixture of acetanilide and 
aluminum chloride in carbon disulfide. It was thought to be 
of value to add aluminum chloride portionwise to a solution of 
acetanilide and furoyl chloride in carbon disulfide. To 13,4 
g, (0»1 mole) of acetanilide and 1S.5 g. {0.15 mole) furoyl 
chloride dissolved in 50 oc, of carbon disulfide was added SO 
g. (o.llS mole) of aluminum chloride portionwise 7d.th stirring 
over a period of six hours. After the aluminum chloride was 
added the reaction mixture was refluxed for thirty hours. 
Hydrogen chloride was evolved throu^out the reaction. The 
reaction mixture was poured onto cracked ice and hydrolyzed 
with 15^ hydrochloric acid as previously described. The pro­
duct's of reaction were aniline, tar and a trace of the 140® 
confound. 
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Reaction Between AeetanlXide^ guroyl chloride and 
Alumlnuni Chloride in nitrobenzene» 
The following reactions were carried out after the 
7 
general directions of Behn, and others • 
To 24 g. (0.089 mole) of aluminum chloride and 13 g. 
(0«1 mole) furoyl chloride dissolved in 50 cc« of nitrobenzene 
ms added with stirring 6«8 g. (0»05 mole) of acetanilide 
dissolved in 20 cc. of nitrobenzene. As practically no hydro­
gen chloride was evolved at 30** the temperature of the reaction 
mixture was raised to 80^ for thirty hours. At Bo'^the evolu­
tion of hydrogen chloride was rapid during the first part of the 
reaction but decreased as time progressed. The black reaction 
mixture was cooled and poured onto cracked ice and steam dis­
tilled until all the nitrobenzene was removed, it was then 
worked up as previously described and hydrolyzed with l^fo 
hydrochloric acid. The products of the reaction were tar and 
a small amount of aniline. 
The reaction just described v/as repeated and the 
temperature of reaction was kept between 70°-'71° for eight 
hours. After hydrolysis the reaction products were worked 
up in the usual manner. There was obtained tar, aniline and a 
trace of the 140® compound. 
R^actiloii Between Furoyl Chloride, phttial-anll 
and Zing Chloride.— 
o 
TJlis reaction was carried out as described "by Dobner 
Thirteen grams (0«1 mole) of furoyl chloride were added to a 
mixture of S2.S g. (O.l mole) of phthal-anil and 0«4 g, of 
anhydrous zinc chloride. The reaction was carried out in a 
150 cc« Erlenmeyer flask iiaiaersed in an oil-bath equipped with 
a refliix condenser, thermometer and drying tube. ?jhen the 
temperature of the reaction mixture reached 12G® small quanti­
ties of hydrogen chloride were evolved. The reaction mixture 
was heated at 180® for eight hours and a sample was removed 
and crystallized from alcohol and proven to be unchanged phthal 
anil by a mixed melting point determination with the Icnown com­
pound. Apparently much of the furoyl chloride was decomposed 
by the zinc chloride present judging from the decomposition 
material fomed. 
The eOTeriment just described was repeated ?/ith 
similar results. 
Reaction Between guroyl chloride, Phthal-anil 
and Aluminum chloride in Hitrobenzene. -
To 6.5 g. (0.05 mole) of furoyl chloride and 11.S g. 
(0.05 mole) of phthal-anil dissolved in 30 cc. of nitrobenzene 
was added 16 g, (0.06 mole) of aluminum chloride. The temper­
ature of the reaction mixture was slowly raised to 80® and 
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fcept at that temperature fox' eight hours. Hydrogen chloride 
TSFas ovol^d slowly and the mixture turned dark. The reaction 
product was poured onto cracked ice, steam distilled to re-
move the nitrobenzene and other steam volatile solids. 
After the solids present were removed "by filtration 
the mother liquor was extracted with ether and the ether ex­
tract added to the solids. The ether ?^as removed on a water-
bath and the residue 7ms hydrolyzed by boiling with alcoholic 
potassliua hydroxide, and when worked up yielded aniline, 
phthalic acid and much tar* 
Heaetion Between Aniline, Furoyl Chloride and 
Zinc chloride.-
This reaction was carried out after the directions 
5 
of Ghattaway . Twenty-six grams (0.2 mole) of furoyl chlor^ 
ide were added dropwise to 9,3 g» (0.1 mole) of aniline. The 
reaction was vigorous and seemed to go in two steps, the 
second taking place at 130°. After the reaction product had 
been heated at 160® on an oil-bath for one hour to cou^lete 
the reaction 1 g. of finely powdered zinc cliloride was added 
slowly at 160®. A vigorous reaction took place with evolution 
of hydrogen chloride and production of a black tar« The result­
ing mass was boiled with alcoholic potassium hydroxide for ten 
hours, cooled and extracted with ether and dried over sodiiim 
sulfate. It was distilled and yielded a small amoimt of ani­
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line. There was imeli carbonaceous material not soluble in 
ether. The reaction just described was repeated with similar 
pesultB» 
Reaction Between Aniline and Furoyl Chloride 
at Hi^ Teiaperatures. -
The reaction described above was repeated without 
the use of 2lne chloride and was heated on an oil-bath at 180® 
for twenty-four hoiirs. There v/as obtained tar and aniline, 
A second attempt gave similar results. 
Condensation Reaction Between Faroylanllide, 
Dimethyl Aniline and Phosphorous 07yohloride>-
This reaction was carried out after the directions of 
fi 
Hurd and Webb in a 150 cc* Erlenmeyer flask equipped with a 
dropping funnelj thermomster and drying tube for the dropping 
funnel# Ten and four-tenths grams (0.05 mole) of pure phos­
phorous oxychloride were added to 9.4 g. (0.05 mole) of furoyl-
anilide and 20.3 g. (0.158 mole) of dimethyl aniline cooled 
to 30® in a v^ater-bath. When the phosphorous oxychloride was 
added the temperature of the reaction mixture rose to 39°. 
Heat -Efas then applied by n^ans of the water-bath until the tem­
perature of the reaction mixture rose to 94°. The water-bath 
was then removed and the reaction mixture was heated with a 
smoky flame to 105° at which point a vigorous exothermic reac­
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tion took place aad tlie tengperature rose to ISO®. While the 
exothermic reaction was taking place the flask was thrust as 
quickly as possible into an ice-salt mixture. After the reac^ 
tion had subsided it was heated on a water-bath at 90® for five 
0 
hours and worked up as described by Hurd and Webb« Tar was the 
product. 
A second run was wariaed to lOS® at which point the 
temperature rose quickly to 113° where it remained for three 
minutes and then started to fall. The reaction mixture was 
then wanned by means of a free flame to 119® where a second 
exothermic reaction took place and the te]3g)erature quickly rose 
to 13S°. It was then cooled in an ice-salt bath to 105° and was 
heated on a boiling water-bath for three hours. The reaction 
O ^ 
mixture was ?;orked up as described by Hurd and Webb and yielded 
a g'rrwn amount of furoylanilide^ aniline and mch tar. 
smmm 
Acetanilide has been treated Tdth furoyl chloride in 
the presence of aluminum chloride as a catalyst in carbon disul­
fide and nitrobenzene as solvents, under a variety of conditions. 
A trace of a cpmound melting at 140® has been obtained. Enough 
of the 140° compound was not obtained for an analysis. 
Phthal-anil has been treated with furoyl chloride in 
the presence of sine chloride at 160®• Tar was obtained, 
phthal-anll was treated with furoyl chloride in nitrobenzene at 
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80° in tlie presence of aluminam chloride. Tar was the only 
product Qf the reaction. 
Aniline was treated with two equivalents of furoyl 
chloride at high temperatures with, and without zinc chloride 
as a catalyst, scane decomposition took place as shown by the 
formation of tar. 
Dimethyl aniline was condensed T/ith fijroylanilide 
using phosphorous ozychloride as the condensing agent. A 
vigorous decoir^osition reaction took place. 
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OHE ATOEMPTED PREPAHATION OF S-FOHIL-^-AMINOACSTIC i\CID 
iM) BOm STUDIES OM FOBYIACROUSH"!. 
IHTEODUCTIOU 
It -sms desired to pr^are 2-furyl-£^aininoacetie acid 
for some studies on the physiological properties of the com­
pound and to extend the ssmthetic possibilities of furfural. 
Furfural is the least costly of all organic aldehydes 
and obtainable in large quantities. It is therefore quite 
natural that any attempt to prepare an amino acid which con­
tains the furan ring should use furfural and correspondingly 
inexpensive inorganic salts. 
A review of the literatiire has disclosed the follow­
ing references to furan o^aiaino acids, sasalci^ has prepared 
d 1, (furyl-2)-<2-alanln in good yields,. Furfural was condens­
ed with glycine anhydride in acetic anhydride in the presence 
of anhydrous sodium acetate. The condensation product was 
reduced with sodi\im amalgam and hydrolyzed with barium hydrox­
ide to give the acid named above, 
Posner^ treated ethyl ^furylacrylate with hydroxyl-
amine as described by him and obtained a 20^ yield of the 
3 
^amino acid« Flatow prepared the acid by the action of 
1 Sasaki, Ber., 2056 (1921). , 
. 2 Posner, "Smr., "389, 1 (see 107) (1912), 
^ 3 Flatow, Zeit. fur physiol. chem., 64, 567 (1910). 
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liippuric acid in acetic auliydride in the presence of anhydr­
ous sodium acetate. The product of the condensation v/as then 
reduced and hydrolyzed. 
Gr^acher'^ obtained the ^ ainino acid as shoim "by 
the following equations; 
0-C - HE 
EC - CH . E (Acetic acid ) HC - CE . , 
'' II H + K - C=0 II 1/ H ' ' 
HG^^C - C=0 ' I (solution) HC C-C-'C C=^S 
0 S=C, CHs ^ V 
S 
(Rodanin) (Quantitative) 
o=c -m 
HC ' CH 1 , (Alkali ) HO - CH 
1/ If H ' II II H 
HC C-C=C C=S ^ EC C - C - G - COOH 
V "O' H ^ 
HC - CH HC - CH 
" 1/ H » '/ H 
H C ^ ^ C - C - C  -  C O O H  +  I S H a O H  H C ^ ^ C - C - C - C O O H  
0 H S ^ 0 H // (Reduction) 
OH 
HC ^CH 
f H H 
HC ^  C-C-C - COOH 
0^ i Ma 
In every case the compound ^as reported to be stable 
and resistant to an alkaline medium. ?/ith these points in mind 
there is no reason to predict that S-furyl-^aminoacetic acid 
once formed would be unstable. A series of attempts were made 
4 Gr^acher, Helv. Chem. Acta.t 610 (1922), 
tkm miik mtim. ^  ejmlM mid 
1 eiil«)2^j0;e m fweim^JL af^-er tili© ot 7j 
» lis mm ms a tm'(^ of ttm tiesirsd 
i^jQiamoti- of isa© na"* 
Ises steaa ^d3?«^ea granite in 
0fe^e3?' spttt te gi"^ ase^tKisrl. M.© 
b©ij^ tmB tlie '11© eK?e m% sfe8.rtillag# 
S'COtt aM .^r®2m«s^% tlsat 
toESlt^le mMit03em nmmsmrnm^ffit 
i^'Qh m. jx^ sq^ b^S^  gaTe fesisl* It is sot Im*^  
titmt the ij^cs^as^sit© tossM 'c?os3.a 
m - m 
II II E 
ISO 0 - 0= G 
( im^Cl) IIG -GI! 
II 1/ 
V 
0. 
,c - a ^  OH 
H 
(B tiSl^m'S^: 
-> 
£10 ~~ GH 
If I' H 
- IB 
^ B 
(•|^d3?©^S|.S) 
a » 
XIKi —C^H 
1/ II H 
, G-€^ms 
6 li' M 
T^e ^'-©s?e ssot JS^blB to Si?olato Of 
\mt M& dbtiMn s eimll asooatcC PMXfin 
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BXFERlMEJffiAIi PAST 
Action of sodium Cyanide and AmmoiLlum cliloride 
on Furfu3?al and furylacrolein^ ~ 
1st. Run, This run was carried out after the diree-
2 
tions of zelinsljy and Stadnikoff « All reactions were carried 
out in S-^nock flask of suitable size equipped with a mercury 
seal stirrer and dropping funnel. To a saturated solution of 
5,4 g. (0.092 mole) of sodium cyanide and 5.0 g. (0.094 mole) 
of ammonium chloride in V7ater v/as added with stirring 8.9 g. 
(0,094 mole) of furfural in S3 ee. of methyl alcohol. A vigor­
ous reaction took place as ms shown "by the evolution of heat 
and the precipitation of a heavy viscous oil. The reaction 
mixture was allowed to stand over night and then decanted after 
which the oil was treated with 50 cc. of 10 ^  hydrochloric acid. 
The product was hydrolyzed and worked up as described by Zelin-
sky and stadnikoff and yielded amorphous carbon and tar. 
1 2nd. Run. The reaction ^ust described was repeated 
i 
I using furylacrolein in place of furfural and 50 cc. of methyl 
i 
I alcohol. A red oil began to separate as soon as the furylacro­
lein was added and continued for three hours. The water was 
decanted as before and the resulting red oil was refluxed with 
j a slight excess of dilute (5^) alcoholic potassium hydroxide 
i 
I for five hours. After the reaction product was cool it was 
i • ' I treated with cold dilute hydrochloric acid until neutral and 
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extracted with ether. The ether solution yielded a small 
amount of an amorphous substance which could not be crystal­
lized* There was imch tar for'med in the hydrolysis reaction. 
5rd. Run. Bun No, 1 rias repeated exactly as describ­
ed except that the reaction was run in ice and hydrolyzed by 
boiling with 5^ alcoholic potassima hydroxide for six hours. 
The resulting solution vms cooled and treated with cold 5^ 
hydrochloxic acid and extracted with ether and the ether extract 
yielded a aaiall amount of a yellow amorphous substance which 
could not be crj'-st alii zed. A second attempt gave a similar 
result. 
4th. Hun. The run just described was repeated. The 
resulting red oil was hydrolyzed by boiling for five hours with 
the calculated amount of 5/o hydrated barium hydroxide in 5C^ 
alcohol. After the reaction mixture had cooled it was treated 
with the calculated amount of 0.2 K. sulfuric acid. The 
precipitated barium sulfate and tar was filtered out and extract­
ed with ether. The ether solution yielded a small amount of a 
yellow crystalline compound from alcohol. This compound vias 
aho?ni to contain no nitrogen and melts at 135®, v/hich is the 
melting point of furoin, A mixed melting point v,'as not taken 
as an authentic sample was not available. Ho other substance 
was fo\md to be present, A fractional evaporation of the -water 
residue from the ether extraction failed to yield any other com­
pound, This experiment v/as repeated as described with similar 
results. 
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5tli> Run, Ttie red oil from a run carried out as in 
Ho. S was treated with the calculated amount of hydrated bar­
ium hydroxide in 50^ alcohol at room temperature for six days. 
It then treated isrith 0.2 N. sulfuric acid as in No. 4. 
The products were tar, carbon and a small amount of a red oil 
i±iich soon decomposed. 
6th. Run. The red oil from a mn carried out as in 
No. 3 ws refluxed -with a two equivalents of Kjfo acetic acid 
for five hours. After the resulting black solution ha,d cool­
ed it -was filtered to remove the tar and neutralized "With 
cold dilute sodium hydroxide and extracted 'with ether. Tar 
was the only product. 
7th. Run. The red oil from a run carried out as in 
Ko. 5 was allowed to stand with two equivalents of 10$ 
alcoholic potassium hydroxide for ten days and worked up as 
previously described. Tar was the only product. Furyl-
acrolein was treated as described in runs 3, 4, 5, 6 and 7 
with similar results. 
sm^JiARY 
Furfural and furylacrolein have been treated with 
sodium cyanide and ammonium chloride to yield a red unstable 
oil. These oils have been treated with a variety of hydrolyz-
ing agents under a variety of conditions. The desired ^ -amino 
acids were not isolated. 
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EipmnsimKL PABT 
I^drofuraElde. ((C4E3 0CH)3Hs).- TMs coBg)ound was 
16 
prepared after the directions of Hartley and Dobhie , to 
g, {IfcG mole) of conmiercial furfural in 1000 ce» of water was 
ad.d«Q an excess of amraonia water* Heat was evolved during the 
first part of the reaction, ifter standing for fifteen hours 
the 7-rhole mass had crystallized* The crystals were filtered 
out on a Buclmer funnel and well washed with cold water and 
dried. There was obtained a yield of 80 §• or 90^ of hydrofur-
amide roelting at 117-ii8*^, The product was slightly yelloi^f in 
color but sufficiently pure for the work at hand. 
Furylnitroethylene> (CtEaOCH^CMOs )•- This compoimd 
17 
was prepared after the directions of Bouveault and v/ahl • The 
reaction was carried out in a looo cc, 3-neck flask equipped 
with a mercury seal stirrer, dropping funnel and protected from 
moisture v/ith a drying tube. Five-tenths mole of sodium 
methylate was prepared by adding 11,5 g. {0.5 atom) of sodium, 
to ISO cc, of absolute methyl alcohol, Forty-eight grams (0.5 
mole) of furfural and 30.5 g, (0,5 mole) of nitromethane 
dissolved in 200 cc, of absolute methyl alcohol were added drop-
wise over a period of four hours to the sodium ethylate cooled 
to -3°, some difficulty was enonuntered in hydrolyzing the 
sodium salt to furylnltroethylene. A part of the material tos 
16 Hartley and Dobbie, J. GhemJ Soc,. 75, 598 (1898), 
17 Bouveault and Wahl, compt. rend., 155, 42 (1902), 
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removed and treated with lofo hydrochloric acid at 0® and de-
cosroosition took place. HoweTcr when 19^ HCl was used under 
the same conditions no decomposition took place and furyl-
nitroethylene was obtained as a bright yellow solid. The com­
pound Viras crystallized from petroleum ether (b, p. 40°-60°) 
and melts at 74°- 75°. After crystallization the yield was 41 
g. or 60^. The yield was lovsr because considerable was lost in 
orientation experiments with hydrochloric acid as described 
17 
above. Bouveault and Wahl did not report their yield or the 
strength of the hydrochloric acid used in hydrolysis of the 
sodium salt. 
Reduction of gurfuraldoxime.- To 11.1 s* (0.1 mole) 
of furfuraldoxime dissolved in 50 cc. of 95^ ethyl alcohol was 
added 0.05 g. of platinum oxide catalyst of Adams, Voorhees and 
18 
Shriner . The theoretical amount of hydrogen for the formtion 
I of furfuryl amine was added in ten houi's» After the solution 
I had been filtered to remove the catalyst it ?;as distilled. 
( 5 
I There was recovered 50^ of the furfiiraldoxime and oils that did 
I 
I not have a definite boiling point. No trace of furfuryl amine 
was found. A second run gave similar results. 
Reduction of Furylnitroethylene.- Thirteen and nine-
tenths grams (0.1 mole) of furylnitroethylene were dissolved 
j 
I in 75 cc, of 9Sfo ethyl alcohol and to this solution was added 
I 0.15 g. of platinum oxide catalyst and a trace of ferric chlor-
1 
I ide. The solution was shaken with hydrogen for two hours and 
!-/ 18 Adams, Yoorhees and shriner, Ora» Syn., 8, 92. 
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at the end of this time the theoretical amount of hydrogen had 
been added for the formation of farylethylamine • ?/hen the reac­
tion bottle was opened in order to filter out the catalyst a 
strong odor of ammonia was noted, and the solution was black* 
The alcohol was distilled off and an atten^t was made to distill 
the blacic residue under 4 mm. pressure. A violent explosion 
took place » 
I A second attempt was made using the quantities report­
ed above in a solution containing 50 ce. of 95^ alcohol and 
50 cc. of glacial acetic acid* In this run 65^ of the theoret­
ical amount of hydrogen was absorbed in ten minutes and then 
no further reduction could be caused to take place after the 
catalyst had been reactivated. The solution was neutralized 
with sodium carbonate and extracted with ether. After the 
ether solution had been dried over anhydrous sodium sulfate it 
was distilled. There was obtained a small amount of furyl-
nitroethylene and tar* 
E 
1 Attempted Reduction of Hydrofuramide with Nickel.-
t 
I The nickel catalyst was prepared by precipitating nickel as 
I 
i the hydroxide from the nitrate with sodium hydroxide. The 
i 
I resulting nickel hydroxide was washed with water and heated 
1 
to give the oxide which was reduced in a pyrex tube at 300° 
with a stream of hydrogen. 
1 Q I To 26.8 g. (0.1 mole) of hydrofuramide suspend-
I 19 The hydrofuramide used was prepared by adding freshly 
I distilled furfural to an absolute alcohol solution of dry 
j ammonia in excess. Hydrofuramide prepared in this 
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ed in 75 ec. of absolute alcotiol was added 5 g. of niclcel 
catalyst. The mixture tos shalceii witli hydrogen under one at-
mospiiere pressure for forty-eight hours. Ho reduction took 
place* A second run using 25.8 g. (0.1 mole) of hydrofaramide 
was treated with hydrogen in 150 cc, of absolute alcohol as be­
fore. No reduction took place* The thi3?d run was carried out 
in 150 cc. of 95^ alcohol under forty-five pounds pressure with 
the quantities used in the second run and no hydrogen was ab­
sorbed. 
Beduotion of Hydrofaramide with Platinum Oxide 
Catalyst.- To a solution of 55 g. (0.205 mole) of hydrofur-
amide in 150 ec. of glacial acetic acid and 25 oc, of 95^^ ethyl 
alcohol was added O.S g. of platinum oxide catalyst . The mix­
ture ^ 'as shaken with hydrogen and (0.615 mole) of hydrogen was 
added in four hours, after two reactivations. After the black 
solution had been filtered to remove the catalyst it v?as 
neutralized v/ith dilute sodium carbonate and extracted Tfith 
ether. The ether solution was washed v/ith water, dried over 
sodium sulfate and distilled. There was obtained 21 g. or 58«^ 
of trifurfuryl amine boiling at 13^-138°/l mm. Trifurfuryl 
amine is a yellow oil of sli^t odor and quite stable. 
The hydrochloride ?/as prepared as described by Zanetti 
6 
and Beckmann and checked the melting point reported by them. 
This is also true for the boiling point of the amine. Two 
manner melts at 121° and is a beautiful white crystalline 
coH^iound with a yellow tinge. 
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grams of tlie amine were dissolved ia 25 cc, of anliydrous ether 
^ and precipitated with dry hydrogen chloride. The ether was 
decanted from the white solid and it was then crystallized from 
: a inixfcure of ahsolute ether and absolute ethyl alcohol. It is 
I a white crystalline conrooimd melting at 155-157° and quite 
I stable even in the atmosphere. 
The picrate of trifiirfuryl amine was prepared by 
: treating a dilute solution of the aaine in ether with a concen-
• trated solution of picric acid in ether in esoess, A heavy 
yellow crystalline solid was precipitated which was recrystal" 
lized from 95^ ethyl alcohol, The picrate^^ is stable and 
stelts at 132°, 
Two additional runs were loade as described and the 
i yields of trifurfurylamine obtained were 38.and 37^^ respec-
I tively, j 2nd> Bun, The reaction described in Run Ho. 1 was 
I repeated in 200 cc, of 9^ ethsrl alcohol. Ho hydrogen was 
I added after ten hours. A second attempt gave the same result. 
5rd» Run, Thirty grams (0.112 mole) of hydrofur-^ 
] amide was dissolved in 200 cc. of 9^ ethyl alcohol with the 
I 
! theoretical amount of hydrochloric acid to form the hydrochlor-
j 
I ide and shaken with hydrogen as before. No reduction took 
i 
i place, 
I 20 A description of this compound has not been reported in 
I the literature. 
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4tli« Hun, Run No. 2 was repeated in etlierr witii a 
negative result* 
5tli, Rtm. Twenty-six and ©i^t-tenths grams (0.1 
mole) of hydrofuramide were dissolved in 100 ce. of acetic an­
hydride and siiaken with 0.3 g. of platinum oxide catalyst and 
hydrog(m. The theoretical amount of hydrogen for the fonanation 
of trifurfuryi amine was absorbed in three hours. Most of the 
excess acetic anhydride was removed on a water^bath under 15 mm. 
pressure. The resulting heavy tar was treated with sodium car­
bonate and worked up as described in previous experiments. Ijo 
trace of any amine could be detected. A second run gave the 
same result. 
Reduction of Hvdrofuramide with sodium.- Fifty 
grams (0.186 mole) of hydrofuramide ?/as added to 800 cc. of 
9^ ethyl alcohol in a 2000 cc. S-necls: flask equipped f;ith a 
mercury seal stirrer and Hopkins condenser. Thirty-seven grams 
(1.58 atoms) of sodium -were added as rapidly as possible with 
stirring. After the reaction was complete the reaction solu­
tion was made slightly acid with dilute sulfuric acid antl the 
alcohol removed under reduced pressure. The product was made 
sli^tly alkaline with sodium hydroxide and extracted "V/ith 
ether. After the ether solution had been dried over aniiydrous 
sodium sulfate it V7as distilled. An intractable tar was the 
result. 
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Reaction Between Furfural and AMaonium Foriaate,-
I The following reactions "were carried out after the directions 
IS 
of wallacli . Eighteen and eight-tenths grems {0»2 mole) of 
freshly distilled furfural were placed in a 250 cc. balloon 
• • flaslc with 40 g. (1,56 moles) of aiamoniiiiii foimate. Tlie flask 
was equipped with an air condenser and drying tube. The reac-
I tion mirture was heated on an oil-bath at 110®, for five hours, 
I cooled and exbraeted with ether to remove sny free amine Imt 
none was present. After this operation the tar-like residue 
was boiled nith IC^ alcoholic potassium hydro2:ide and -Bsrorked up. 
HO amines were present. All of the furfural Y/as decomposed. 
The first esperiiaent was repeated as described, using 
40 cc. of glacial acetic acid as a solvent. Tar and carbon 
v/ere the products of the reaction. A third run was carried out 
at 180® with negative results. All the runs described were check­
ed -^ith similar results. 
SmiMART 
All attempts to prepare furfuryl amine and furyl ethyl 
i amine from furfuraldoxime and furylnitroethylene failed. 
! 
j A number of unsuccessful attempts were made to prepare 
amines from furfural and amonium formate. 
Hydrofuramide was reduced witli hydrogen and platinum 
oxide as a catalyst to trifurfuryl amine in yields of ^&p in a 
mizture of alcohol and acetic acid. The reduction could not be 
effected in ether or 95^ alcohol. 
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EREPAEATION OF ETi-nL 5-NITROFUEOATE 
Jm SOIvffi OF ITS D32RIVATIVES 
IKTRODUCTION 
1 
Marquis has prepared methyl 5-nitrofuroate and ethyl 
5-nitrofuroate "by nitrating the esters in acetic anhydride. 
The free 5-nitrofuroie acid is easily obtained by treating the 
ester with hot 5CFfo sulfuric acid. 
p 
Klinkhardt®" prepared 5-nitrofuroic acid by warmine 
dehydromucic acid with a mixture of ten parts of sulfuric acid 
and one of nitric, 
g 
Priebs nitrated furylnitr©ethylene with fuming nitric 
acid to obtain 5-nitrofurylnitroethylene which was oxidized 
with chromic acid mixture to 5-nitrofuroic acid. 
4 5 
Hill and Palmer , and Hill and ?/hite have prepared 
5-nitrofuroic acid by treating 5-sulfofuroic acid with faming 
nitric acid at 60®, 
6 
GilJaan and v»right have prepared 5-nitrofuroic acid 
by oxidizing 5-nitrofurfural, 
The nitrofuroic acids prepared by the six methods men­
tioned are identical and the position of the nitro group is 
• 1 fferquis^. Compt, rend.« 1S7« 520 (1905)? Ann, chim. -Dhys, (S) 
4, 196 (1905). " 
2 Klinkhardt, prakt. Ghem.« (2) 41 (1882), 
r-S Priebs, Ber., 3^, 1562~TIS85 ). 
'4 Hill and Palmer, Chem, J., 10, 380 (1888), 
v 5 Hill and \^hite, ibid., 27, 195 11902). 
:-6 Oilman and v^rights J, chem. S o c 5 2 ,  2 5 5 0  ( 1 9 2 0 ) .  
- 95 « 
, _ 4 generally acQepiied as 5 , thottgh not definitely proven as yet. 
5-Nltrofuroyi chloride -was prepared in this study "by 
treating 5-nitrofuroie acid with phosphorous pentachloride 
Y 
after the directions of Marquis « A series of attempts was 
made to prepare the acid chloride by treating 5-nitrofuroic acid 
with thionyl chloride, without success* 
Several attempts were juade to prepare 5-nitrofuroic 
acid by nitrating furolc acid.with faming nitric acid in acetic 
anhydride^. In every case violent decomposition reactions took 
place when the reaction mirture was poured onto ice. 
Ethyl 5-nitrofuroate was reduced with aluminum aisal-
7 gam after the directions of I'&Tojxis , The yields obtained were 
A 
below those reported by Marquis. However, Giliaan and Wright 
in this laboratca?y have remedied the difficulty, several attempts 
were mde to prepare ethyl 5-aminofuroate by reducing the ester 
in 95^ alcohol with hydrogen and platinum oxide as a catalyst 
without success. Oilman and Wright have repeated this work and 
report similar results, but when absolute alcohol is used a 
good yield of ethyl 5-aminofuroate is obtained. 
7 Marquis^ Ann. chim> -phys.^ (8) 4> 196 {19051. 
4 
I 
i 
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E2PERIMWAL PARP 
Awaratus.. All nitration reactions were carried out 
in a tliree-neeic iDalloon flask of suitable size equipped with a 
mercury seal stirrer, dropping funnel and thermometer. The 
dropping funnel and thermometer were protected from moisture 
with a drying tube filled with anhydrous calcium chloride. 
Ethyl Furoate, (CiHsOCOGCaHp)•- The ethyl furoate 
8 
used was prepared after the directions of Leimbach • Three 
hundred thirty-six grams (3,0 moles) of commercial furoic acid 
were dissolved in 1350 cc, of 95^ ethyl alcohol in a three 
liter flask fitted with a two hole rubber stopper, glass tube 
and calcium chloride tube. The alcohol solution was saturated 
with dry hydrogen chloride and treated intermittently at room 
ten5)erature over a period of two days and distilled to remove 
most of the alccdiol. After the residue had been dissolved in 
ether it was washed with dilute sodium bicarbonate followed by 
water and dried over anhydrous sodiujn sulfate. The solution 
was then heated on a water-bath to remove the ether and distill-
i 
ed with a free flame and the fraction boiling between 193®-196® 
/740 m. was collected. The yield was S52 g, or 60^. 
A second run using furoic acid crystallized from 
carbon tetrachloride, and absolute alcohol was run as described 
for the previous experiment. The yield of ethyl furoate was 
8 Leimbach. J. prakt. Chem.t (2) 65, SO (1902^. 
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340 g» or 81^, There is some dec0H5)0siti0ii in the two reac-
7 tlQBs described as proven hy the forisation of carbon, iferquis 
reported an 82^ yield of ethyl faroate from a run similar to 
the second reported above. 
Ethyl 5"Hitrofuroate> (NGgC^HgOCOOCBHg ) •- This com-
2 pound was prepared after the directions of j^rquis . The 
nitrating solution was prepared by adding 550 g. (sp.gwl.Sl) 
(5.4:5 moles) of faming nitric acid to 560 g. (5.49 moles) of 
acetic anhydride dropwise with stirring over a period of three 
hours. The acetic anhydride was cooled to -10® with a bath of 
ice and salt. To the nitrating solution was added dropwise 
with stirring 140 g. (1.0 mole) of ethyl furoate in Slo s« 
(2.0 moles) of acetic anhydride over a period of two and one-
half hours. During the time of addition and for three hours 
afterward the temperature of the reaction mixture was not 
allowed to rise above -5®, The reaction mixture was poured 
9 
onto cracked ice in a 4-1 Erlenmeyer flask immersed in a mix­
ture of ice and salt, A milky white emlsion was formed which 
settled out as a yellow oil over a period of six hours. After 
the ice and water had been decanted the oil was treated witli 
pyridine until the mixture was no longer acid to litmus paper. 
The dark colored crystalline solid that was formed was dissolv­
ed in boiling alcohol, treated with Korite and filtered through 
9 About 2.5 kilos of ice vyere used7 
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a fwmei* A boautlfiil ^ rellc^ es^stalilB© 
separate<l m cooling the solutioii. isthjri S-sHtrofuroate 
melts stt iol'^ s?it;iiQut deeaja|)0sSti025* Tlie yield ?jas 110 g* ©x 
7 
60^ Of the tlieffipetical-* l^^arquis repor&M a yield of 65Ja from 
50 g» mole) Gf etixyl fizraato* A maber of njns vmre 
n&de vdtii similax* remits* 
5^H1.trofu£'oi:o (IIOaC^HsiOGOCSi).- OMs oemp&md 
? 
ms p3?ep£Lr©ti as des<xs?ihed by Masjc^uis • u^ixirts'-five gmms 
{0«162 laale) jQt ethjrl 5-iiit3?ofuroate were added iii s^ll pc^ 
tions to 200 <jc.* of 50^ mlfiiric acid heateii to 150^# The 
sster dissolved rapidly %n tho solfurie acid and as som as tjbe 
j soltttiooi was eoj^lete 4D0 eo« of coM water TJas aMed mad the 
j vhole etwaled in aa lee-Mtli* Aftex tlie I2i3:tti3?e was col^ it was 
e3£t3?aete^ \?itii etiier, and the etter was raim^d <m a mter-batli. 
Tile resulting yellowisli TJliite solid vms cr7fstallis3d frosi 1)011-
isg water, aM the yield was practically auantitative® It is 
a stable oojiroouad aeltinCi at 165° ^ 
5«mtrofu3>oyl Clilox'ldQ. (lJ0sC4KsC0Cl)*-» This ooa?-
7 pcaind parepax'efi after the diaJtJCticms of EMrquis • I'o 15,7 g. 
{0#10 mole) of 5--nitrofiiroie acid in a siaall balloon flasls was 
added 20»S g» (0«10 aiole) of pliospho^mis peatachloxride* The 
sreaotion mixture v^as protected f3?osi the ataosphere •v^'ith a oal-^ 
oium chloride tube* After tiie piiospli^rous pentaciiloride \ms 
1 added tlae reaction started at dec© and ]3.3?drogen chloride was 
I evolved* The :peaetion Hd^rtrDre was heated cm a water^bath ustil 
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the hydrogen chloride ceased to escape and the "Dhosphorous 
02£ychl0ride v?as distilled off under reduced pressure. After 
the phosphorous oxychloride had been removed the oily product 
was crystallized from a mixture of petroleum ether {b.p» 40®-
60 ) and chloroform, Tlie yield of the pure compound melting 
o 
at 38 was 5,7 g* or , 
Reaction Between 5-Hitrofuroic Acid and Thionyl 
Chloride*- Thirteen end one-tenth grams (0.11 mole) of 
thi<aiyl chloride v^ere" added dropviise to 15,7 g, (0.10 mole) of 
5-nitrofuroie acid suspended in SOO cc. of dry benzene. The 
reaction mixture was heated to boiling for four hours but no 
hydrogen chloride was evolved, 
A second run using the quantities QiYen above was 
carried out in ether in which 5-nitrofurGic acid is soluble. 
The reaction mizture was reflu2:ed for siz hours without laore 
than a trace of hydrogen chloride being formed. 
Reaction Between Furoic Acid and Hltric Acid in 
Acetic Anhydride.- This reaction was carried out after the 
7 
airections of Marquis for ethyl 5-nitrofuroate, The nitrat­
ing solution was prepared by adding 70 g. (sp, gu 1.51) (1,09 
moles) of fuming nitric acid to 112 g, {1.08 moles) of acetic 
anhydride cooled to -5° over a period of two hours. Twenty-
four grams (0,2 mole) of furoic acid dissolved in 42 g. 
10 The yield rei3orted can be raised as the reaction was carried 
out but once. Marquis' failed to report his yield. 
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{G.40 mole) of acetic anhydride were added over a period of 
two hours to the nitration mixture* The reaction mixture was 
kept below -5° and stirred for four hours after the addition 
of the furoic acid. No color change took place diaring the re­
action. A small portion of the reaction mixture was removed 
with a pipette and mn onto ice and a violent reaction took 
place with coniplete decomposition of the product, A second 
run gave a similar result. 
Ethyl 5-Aminofuroate, (HHsC^HsOOOOCsHa ) .- The 
reduction of ethyl 5-nitrofuroate was carried out after the 
directions of Marquis^ who reported a yield of 52^. The alumi-
niim amalgam used was prepared after the directions of wislicenus^ 
Aluminum foil of the thickness of a thin sheet of paper was cut 
into strips 0.5 cm. wide and 3,5 cm, long. These strips were 
placed in an Erlenmeyer fla^ and treated with a dilute solution 
of sodium hydroxide imtil a vigorous evolution of hydrogen took 
place after which the hydroxide was quickly decanted and the 
aluminum washed well with water, 95^5 ethyl alcohol and abso­
lute ether^^, A 5^ solution of mercuric chloride was added 
after the ether was decanted. If the operations are carried 
out rapidly and thorou^ly with a good grade of aluMnum foil 
a very active aluminum amalgam can be prepared, 
13 YJislicenus and Kaufmann, Ber,, 26. 1525 (1895). 
12 The ether en^loyed was that commonly used in preparing the 
Grignard reagent, it had not been dried with sodium. 
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Fifteen grams (0.081 mole) of ethyl 5-nitrofuroat6 
were dissolTed in a mizture of 850 cc. ether and. 75 ec. 95^ 
ethyl alcohol, The solution was treated with 5 g, (0«18 atom) 
of alaiiainum amalgam prepared as pi^viously described, A very 
Tigorous reaction took place upon adding the amalgam which was 
controlled "by using an ice-batili» The evolution of hydrogen 
diminished after a short time and the mixture was allowed to 
stand for eleven hours. The formation of a large amount of a 
red precipitate was noted. After the mixture was filtered the 
ether and alcohol were removed on a water-bath and the result­
ing gummy residue was crystallized from a mixture of three 
volumes of benzene and one of 95^ ethyl alcohol. Uiere was 
obtained 3.3 g. of ethyl 5-aminofuroate melting at 95**, or 
a yield of 21^, There was considerable material left which 
did not crystallize. There was recovered 12,5^ of ethyl-
5-nitrofuroate. Ten runs were mde with similar results. The 
red precipitate ?fas shown to contain aliminum and resisted all 
attempts at liydrolysis. 
Catalytic Reducticm of Ethyl 5-Hitrofuroate,- The 
catalytic reduction of ethyl 5-nitrofuroate was carried out 
13 
Si3 described by Adams and Cohen using the platinum oxide 
14 
catalyst of Adams, Yoorhees and shriner , 
13 Adams and Cohen, Or^. Syn.t ^  65» 
,/14 Adams, Toorhees and Shriner, Or£. Syn.. 8, 92. 
- 102 -
and two-tentlis grams (0.05 mole) of ethyl 
5-nitrofurcate were added to 150 co, of 95^ ethyl alcohol with 
0.157 6^ of platinum oside catalyst. The mixture was shaken 
with hydrogen at room temperature and the theoretical amount 
of hydrogen was absorbed for the fornation of ethyl 5-amino-
furoate in five minutes# After the theoretical amount of 
hydrogen had "been added the reduction was stopped and the 
alcohol was removed on a water-bath. The resulting black vis­
cous tar was treated as previously described. No ethyl 5-amino-
furoate could be obtained. Several additional runs gave similar 
results. Oilman and Wright in this laboratory have obtained 
similar results in 95^ alcohol but have obtained good yields of 
the desired confound in absolute alcohol# 
SOMAEY 
I Ethyl 5-nitrofuroate, 5-nitrofuroie acid, 5-nitro-
I 
i 
furoyl chloride have been prepared as previously described, 
5-IIitrofuroic acid was shown to be inactive towards thionyl 
I chloride. 
f 
I Ethyl 5-aminofuroate was obtained in yields of Zip 
by reducing ethyl 5-nitrofuroate v/ith aluminum amlgam,. 
several attempts to prepare ethyl 5-aminofuroate by the 
catalytic reduction of ethyl 5-nltrofuroate failed, 
i Tvfo iinsuccessful attempts were made to prepare 5-
j 
i nitrofuroic acid by nitrating furoic acid in acetic anhydride. 
- 103 
THE ATT»TED EREPARATION OF A DI-HITROFDBFUBAL 
INTRODUCTIOS 
HISTORICAL» Gilinaa and Wrights liaTe prepared 5-nitro-
furfural diacetate by nitrating furi\jral diacetate^ and furfural^ 
in aeetic anhydride. Marquis^ has prepared ethyl and methyl 
5-nitrofuroate by nitrating the esters in acetic anhydride. 
Marquis has nitrated furan in acetic anhydride and 
obtained 2-nitrof-uran. In the preparations mentioned the tech­
nique is the same in that the nitration reactions are cai'ried 
out in acetic anhydride, poured onto cracked ice and the ring 
closed TTith pyridine, 
Klinkhardt^ has prepared 5-nitrofuroic acid by 
warming dehydromucic acid with a mixture of ten parts of con­
centrated sulfuric acid and one of concentrated nitric acid. 
The formation of some 2,5-dinitrofuran was reported. 
7 o 
Hill and Palmer , and Hill and white have prepared 
5-nitrofuroie acid, 2-nitro-5-sulfofuran and 2,5-dinitrofuran 
by the action of fuming nitric acid on 5-sulfofuroic acid. 
Attention is called to the fact that the reactions reported 
"I Gilman and Wright. J, Am. Chem. SOG>, 52. 3550 (1950)." 
E Gilman and ^7right, Iowa State ColleRO J.Sci.. 4, 55 (1929).'-
3 Gilman and Wright, £. Am., chem. Soc., ^les^ClQSO). 
4 Marquis, Chim. phys.."!^ 4TT96 11905)s compt. rend.. 
157. 520 TTsOST; • 
5 Marquis, Compt. rend., 152« 140 (1901). ibid., 154. 776 
(1902); ibid.. 155. 505 (1902)j ibid., 137, 52o"1T905). 
6 Eainkhardt, J. pralct. chem. (2) 411^682). 
7 Hill and Palraer, /an. Chem. J., io, 380 {1688). 
8 Kill and V/hite, ibid.. 27, 193 lj902). 
by Hili and coworlsers dM not siw substitutl^i reaetions with 
the fU2?Q3i other than m tho S,5»p<5sttl.<ms# 
ing the Etitratlon piPoduet of fisi^ytoiti^oethylesie \^th eh?<isiie 
acid mixtu3?e. 
lit©3?attsr8 of the addition of brcrajine to conjugated systeias, 
especially, "bmsen.©, anthraeene, phenanthrene, pyridine# 
thiophen© atsicl pyrrole, and have p3?oved the preliminary addition 
of a sQleoule of "broiaiiie to one (J€ the conjugatod systems 
etijyl ftoylaorylato* One molecule of hydrogm "brosalde is th® 
2?ei8ovod and otjQrl ^-^roisDi^ryljaerylate is forsed. 
ooH^KStmd which is forraed whesi fiirfurQl or furfayal diacetate 
is nitrated in acetic anhydride# ThiB ecHroonnd conforms vilth 
ducts and can ho iUustreted by the followine: formulas: 
9 
priehs® has prepared S-nitrofuroic acid by osidis-
!gllSQBlggXGMi» G-ilmon aM Wright haTO reviewed the 
Gillian and 'j^fric^t haw isolated the inteEEaediate 
tMt ascribed by l^rcuis- to the S-nitrofuran ring fission pro-
EC - CH EC — CH 
HC 
\ 
II (MOa) 
— ^ { 
(CH«CG)80 
II '/ H 
Og^JG C - C (0C0CH8}8 (pyridine} 
0 OE 
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CHa 
m — GH 
II i| H 
NObC^^C - G CiOOGCHa)!, 
If tMs W tlie-
teaiav ^tis JK>t; M- 13^ t^lm^ 
•|3^  sk€ BMMmM.m eC mte*: 
cs) (41 cs5 m a 
-e « C -• €- » 0 ^  € ^ COOOOHaJ s ISIC^ 
. / /  ^ 
' - 0 (c:H»ee>«50 
'5CTI-Mi 
(^) / H H \ H 
iiOfe a * c « c s • c ^ (ecdaiisls 
' ' »»£ 
• 0 • 
H B H 
IIOsC« 0 ^  c « e ^ iCKJGO«:^,)a 
0 - - . 'S' SSi' 
EH P 
I l e a  ^ c » c - - G » c  -  e | o c € e i % ) s  
0 0 
CO E 
CSs 
fHis 03?|rMmti4mi Is opesi to S'QS? rea^ 
smis, s»ea.ys ^trnt is tlis) eat;aifiat; Vmt causes aoetle ©eit 
t© aM to ^lie osteon Ib tfc© tesm rti% tB It 
ciiiieeliatc*- i«5 ^tth i^isteg. 
V 10 siismm Bn& _g* cpBm*- p^** ^  (10so|.» 
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nitric acid in acetic aniiydride the intermediate coii5)Ound noted 
ahove is not formed. The esplanation of the nitration of fur-
fiiral diacetate and ethyl furoate would be much siiapler if the 
intenaediate nitration product had been proven to have the 
following formula for obvious reasons: 
H H E 
HOsC a C - C = C - C - (OC - CHs)^ 
Ah i 
0=1=0 
If the 1,4-addition explanation is correct the fail­
ure to obtain a dinitrofiirfural diacetate is not surprising 
1 
but if the explanation proposed by Oilman and Wright and 
Marquis is correct the formation of a dinitro body is a matter 
of reaction conditions or ring stability. The matter of 
steric hinderancs is one of which little is Imown in connection 
with furan chemistry. The reaction is coii5)licated by the reac-
\ 
1 tion between acetic anhydride and nitric acid to form tetra-
i 
! nitromethane. acetic acid and water. It is not impossible that 
i 
i the addition of acetic acid takes place to the l,4~addition 
I product between furfural diacetate and nitric acid represented 
I by (B). 
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ESSllRIiOTrAL PA15T 
/ill rescMcms neaessary miTQ earri-
^ out la a 3~iieok flask eq-aippe^d wit;h a di^pping farmel., cssr-
eury ^«tl stirrer and t&6rKiDmever» 
garteal Biacetate. (G jlsOCHCOCOGIlsS^)^- 'Ms tjom-
2 
pound prepared after tJ&e direct!oes of Gilssin ana vJri^t • 
l^lie yields obtciined from a large Btimber of ruBs iraried betreea 
4C^ and ^Eisre was bo o&srioais r^scm why this was so» 
Attention is eailed to tfe© feet that tiie fle.sk from wiUch tlie 
cfrude forfursl Oiacs^tate ie to hB dlstillisd should "be free of 
jsii^ral 'a<^ids* The yield can be iisproved by careful drying: of 
tlie crude product \stiieh cm be doiio iji the atiaospherc on paper 
OT ^ ste elotIi« In filteriiig and wa^iisig the exude produet 
a piece of old laboratory towel cut to fit a Buelmer fuimel is 
fiar superior to paper or giass ?«>ol as a filter base* 
ThB us© of sodiua oart>onate is not neeesaary. It 
laas fotmd coaToaient to pour lOQ g. to 300 {^m portions of tHe 
liquid into cold imter and stir "vigorously. The water was 
decanted through the filter sM the process repeated imtil 
tlie furfural diaoetete had solidified# After shaMns the 
mterial -visorously with several q.uantitleB of Batsr pour the 
solid furfural diaeetate onto the eloth filter*, The erud© 
furfural diaeetate itself ^ ouia not be poured onto the filter 
j until it has soliclifiod* 
- 2.08 -
fiiis was 
11 
prepared tiia dlr^oljions of Gliafetaway « 'Tliirfes^-csie 
ss^ms CO.*S sole) of absolute sityio acid^^ were placed ia a 
B50 Gc* Brlemassrer flask fitted ^ Ith a mm hole mbber stcjpper, 
burette, and tlie burette was protected froa sHjistiire with a 
calcium eJilorido ttjb©* Fift^r-oae grams (C»5 isole) of aeetie 
anhydride m&m addeS in 2 co. pcfrtions to tlie nitric aold» 
13i© t^sEQjerature or the roacti tm aiixtu?,'© was not allowed t^ 
rise above gc^3§**» Wban all tlie acctie antiydi'ide iiad been 
added the burette was removed asid tlie flask was covered tilth 
m. inv^frted beaker- for seven days, pootred into 20C ce» of 
cold water and steam distilled to rmove the tetronitro-
Effitliaae* I3xe tetranitrosQetliaiie was ^ shed witli mtor aijd dried 
over afiiiydroas CBleitm ciilortdo*. Thete was tfotstined 19 eranss 
of piire tetraiiitr<2aetiiane or a yield of appa?03iiBately 60^* 
S»*mt3?ofitr3^\iral piacetate, (MOeC^EeOKJiKOCOGI'Isla).'* 
This coB^QWid was prepared aftor th© directioas of ailiBaii and 
The Bitratlttg mixture was prepared by adding drop-
wise 87*4 g« {i*S8 mole) of fuming nitric acid (£^,gr»1.5i) 
to SS6 g» {2mB moles) of acetic siilsydrido chilled to o®» 
A solutim of 99.0 B* (0*5G siole) of furfui^l diaeetate in 
102« g* (i«0 mole) 01" acetic eiiliydride was adde<! slowly to tlie 
11 Chattaw* £# Chem* See*, 97» SC99 (1910)* 
12 The nitric acid was prepared" by treating nitric acid (sp< 
g^'llJI^witli concentrated suli^iric acid (sp»4?.1.84) and 
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nitrating mixture whicii was not allowed to rise above -5®* 
"The tiHB required for the addition was about thirty minutes, 
after which the mixture was stirred for three hours and poured 
onto one kilo of cracked ice. A 40^ sodium hydroxide solu­
tion was added with vigorous stirring until the precipitation 
of the oil was coiJ5>lete« The water layer was decanted and a 
volume of pyridine equal to that of the oil was added with 
crushed ice. The yield of 5-nitrofurfural diacetate melting 
at 92° from hot alcohol, was 49 g* or 40^, 
The ring fission confound was obtained as described 
by Gilinan and Wright^ It melts at 106°- 107®. 
Attempted Nitration of the Furan Rinp; With Tetra-
nitromethane.The fallowing reactions were carried out after 
13 
the directions of Schmidt and Fischer « 
Four and eight-tenths .grams (0*05 mole) of furfural 
and 3#95 g. {0.G5 mole) of pyridine were dissolved in 
10 cc, of absolute alcohol* To this solution chilled to 0° 
was added 9.9 g (0,055 mole) of tetranitromethane with stirring 
in 10 cc, of absolute alcohol over a period of thirty minutes. 
The reaction mixture was stirred foa? eight hours at o° and for 
twelve at 25°,. At the end of the time mentioned the reaction 
mixture was poured into cold v/ater and extracted with ether. 
After the ether solution had been dried it was distilled and 
yielded a small quantity of water soluble oils, A second run 
/Is Schmidt and Fisbher, Ber,« 55, 1557 (1920). ----------------
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gaYe siiHilar results. 
Sis and nine-tenths grams {0.05 mole) of fuiylacry-
lic acid and 5*95 g. {0.05 mole) of pyridine were dissolved 
in SO CG. of dry acetone. To this solution chilled to 0® 
was added 9.9 g. (0.055 mole) of tetranitromethane in 10 cc. 
of acetone with stirring oTer a period of three hours. After 
the tetranitrome thane had "been added the reaction mixture was 
stirred at 0® for eight hours and at 25° for ten. It was then 
poured into water and extracted with ether. The ether solution 
was "treated as above and yielded a small amount of unchanged 
furylacrylic acid and water soluble oils» A second run gave 
similar results. 
Purfural diacetate was treated as described for 
furylacrylic acid. Most of the diacetate was recovered Tin-
changed, 
titration of Furfural Diacetate.- This reaction was 
carried out after the directions of Gilman and v^right^ except 
that the amount of nitric acid was doubled and the temperature 
of the reaction mixture was allowed to rise to 17°. 
The nitration mixture was prepared by adding drop-
wise with stirring 55 g. (0.545 mole) of fuming nitric acid 
(spogr.1.51) to 28 g. (0»274 mole) of acetic anhydride cooled 
to -5®* To the nitrating mixture was added 9.9 g. (0.05 mole) 
of furfural diacetate dissolved in 11 g. (0.108 mole) of 
acetic aiiiydride, over a period of fifteen minutes. The temper-
- Ill -
ature of the reaction Mzture was allowed to rise to 5° at the 
end of two hours and kept at 17° for two hours. After the 
resulting red solution had heen poured onto crushed ice it 
was worked up as descrihed for the preparation of 5-nitrofur-
fural diacetate. The product was crystallized from alcohol 
and proved to "be 5-nitrofiirfural diacetate hy means of a mixed 
melting point determination. The yield was 26^, 
Furfural diacetate was nitrated in acetic acid after 
14 
the general directions of Orton , To 9,9 g,(0.05 mole) of 
furfural diacetate in 34 g. of glacial acetic acid was added 
10 g. (0.155 mole) of fuming nitric acid (sp. gr, 1.51) in 
10 g. of glacial acetic acid. The temperature at the start of 
the reaction was 25° and rose to 35® when half of the nitric 
acid had "been added and was then cooled to 26®. After the rest 
of the nitric acid had been added the temperature rose to 45° 
and the solution was stirred at that temperature for three hours 
and poured onto crushed ice. The product was worked up as 
previously described. There was obtained a small amount of a 
sweet smelling water soluble yellow oil. 
Several attempts were made to nitrate furfural di-
15 
acetate after the directions of Menke . A solution of 9.9 g, 
(0.05 mole) of fiirfural diacetate in 10 g. of acetic anhydride 
was added to a mixture of finely powdered (Cu(N03 5 g.SHaO) in 
14 Orton, J, Chem, Soc», 81. 606 (19C2). 
15 Menlce, Rec. trav. chlm,« 44« 141 (1925). 
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S5 g. of acetic anhydride at After a short tiae a reac­
tion started that soon •became so vigorous as to remove most of 
the reactants from the flask. 
The reaction was repeated as described with use of a 
more efficient cooling-hath. After standing at -2® for several 
hours the reaction mixture was removed and warmed to 25° and 
finally to 80® on a steam-bath. The residue was poured into 
cold water and extracted with ether which after evaporation 
yielded furfural diacetate and a small quantity of a yellow oil 
soluble in water. 
One atteii5)t was made to nitrate furfural diacetate in 
anhydrous nitrobenzene. To 9.9 g, (0,05 mole) of furfural 
diacetate in 20 cc. of nitrobenzene was added dropwise with 
stirring 6,5 g, (0.10 mole) of fuming nitric acid (sp. gr. 1.51) 
in 5 CO, of nitrobenzene. The reaction was started at 25° and 
then cooled to 0® for eight hours. After the reaction mixture 
|jad been poured onto cracked ice it was neutralized with 
pyridine and steam distilled to remove the nitrobenzene. The 
water residue was extracted with ether and the ether was re­
moved on a water-bath. As the residue was a liquid it was 
distilled to give some low boiling oils and furfuxal. 
One run using the quantities given above was carried 
out in carbon tetrachloride at room teirroerature. The reaction 
product was poured onto cracked ice and treated with pyridine 
until neutral, after which the residue was extracted with ether, 
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dried and distilled. The products were low boiling oils, 
furfural and furfural diacetate. A second run was carried out 
at -5° and worked up as described with similar results. 
An attempt was made to nitrate furfural diaoetate in 
carbon tetrachloride in the presence of phosphorous pent-
oxide, Hine and nine-tenths grams (0,05 mole) of furfural 
diacetate were added to S5 cc. of arihydrous carbon tetrachlor­
ide which contained 7.1 g, (0.05 mole) of phosphorous pent-
oxide. To this mixture chilled to -5® was added with stirring 
6.5 go (O.lO mole) of fuming nitric acid (sp« gr, 1.51), After 
five hours the oily black reaction mixture was poured onto 
cracked ice, and neutralized with dilute sodium hydroxide {lofo), 
; A small quantity of pyridine was then added and the black mix­
ture was extracted with ether. The ether extract yielded tar. 
Attempted Nitration of 5-Mtrofurfural Diacetate,-
The following ezperiment was cari*ied out after the directions 
of Oilman and Wright^ for the preparation of 5-nitrofurfural 
diacetate, and is a rather significant esq^eriment. 
The nitration iJiixture was prepared by adding 17,5 g, 
(0,27 mole) of fuming nitric acid (sp.gr.1,51) to 28 g, 
j (0«27 mole) of acetic anhydride cooled to -5®, To the nitrat-
I ing mixture was added dropwise with stirring a solution of 11 
1 g« (0.045 mole) of 5-nitrofurfural diacetate in 28 g, (0.27 
i mole) of acetic anhydride over a period of thirty minutes. 
J 
j Approximately half of the reaction mixture was poured onto 
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crusiied ice three hours after the addition of the last of the 
5-nitrofurfural diacetate, A white crystalline solid separat­
ed at once which Y/as proven to be 5-nitrofiirfural diacetate 
by means of a mixed melting point determination. The rest of 
the reaction iiiixture was allowed to stand for an additional 
fifteen hours in an ice-boz and worked up as described for the 
first half. The recovery of 5-nitrofurfural diacetate -^s-s 
practically quantitative* 
5*Kitrofurfural diacetate was nitrated in carbon 
tetrachloride with negative results. To 1.0 g, {0.004 mole) 
of 5-nitrofurfural diacetate in 5 cc. of anhydrous carbon 
tetrachloride v/as added 0.3 g. (0,0046 mole) of fuming nitric 
acid (sp. gr. 1.51) in 5 cc. of carbon tetrachloride in a 20 
cct, pyrez tube. The tube was sealed and the mixture was 
shaken for tv/elve hours, considerable gas was formed which 
escaped with force when the tube was opened. The contents 
were poured onto crushed ice and the acid was neutralized with 
10^ sodium ]hydroxide after which a few drops of pyridine were 
added. After the solution had be^ extracted with ether the 
ether extract was dried and worked up. There was obtained a 
small amount of decomposition products and 5-nitrofurfural 
diacetate, which was identified by a mixed melting point 
determination. 
The experiment just described vjas repeated with simi­
lar results. 
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Hltration of S-Nitrofurfural Diacetate with a MI-K-
ture of Concentrated Nitric and sulfuric Acids in Various 
Solvents.~ To 1 gi {0.0041 mole) of 5~nitrofurfural diacetate 
in 5 cc« of anhydrous carbon tetrachloride was added a mixture 
of 0«3 g. {0.0046 mole) of fuming nitric acid (sp.gr.l«51) and 
0,6 g, (0.0058 mole) of concentrated sulfuric acid (sp,gr.l.84)• 
The resulting mixture was sealed in a 20 ec< pyrer terb tuhe 
and shaken for twenty-one hours at 25° and at the end of this 
time some white crystalline substance had separated out. 
The tube was opened and the substance was placed on a porous 
plate. It deccsoposed slowly in the air, A melting point was • 
taken and the substance started to soften at 155° and mslted 
with decomposition at 170°-174°. The substance ^^as soluble in 
water. When treated with pyridine it changed to an oil which 
could not be crystallized* A part was put onto crushed ice, 
treated with pyridine and an uncrystallizable oil was the 
result. A second run save similar results. 
One attempt was made to nitrate 5~nitrofurfural di­
acetate in acetic anhydride with a mixture of concentrated nitric 
and sulfuric acids. To 5.4 s* 10.0223 mole) of 5-nitrofurfural 
diacetate in 40 g. (0.392 mole) of acetic anhydride at 25® was 
added with stirring 4.9 g. (0.048 mole) of concentrated sulfuric 
acid (sp.gr.1.84). The temperature of the reaction mixture rose 
to 34° and was then cooled to 0° with a mixture of ice and salt. 
Three and four-tenths grams (0.054 mole) of fuming nitric 
acid ( sp. gr. 1.51 ) was then 
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added to til© reaction mixture. Ttie evolution of fumes of 
nitrogen dioxide took place followed by a violent reaction 
^icii removed most of tlie reaction laixture from the flask. 
After the residue had been treated with crushed ice it was neu­
tralized with diliite sodium hydroxide and treated with pyri­
dine,. The products of the reaction were tar and a small amount 
of 5~nitrofarfural diacetate which was identified by a mixed 
melting point determination. 
The reacticai just described was repeated v/ith the 
saine quantities of materials as follovjs. After the sulfuric 
acid had been added to the 5-nitrofurfural diacetate cooled to 
-10^ the nitric acid was run in at the same ten^jerature. Ko 
decolorization of the reactim mixture took place, but an exo­
thermic reaction took place as was shov/n by a rise in the 
temperature of the reaction mixture to 0°. After the reaction 
mixture was stirred for eight hours at -5°-0° it v/as poured 
onto crushed ice and the white solid wliich separated was 
filtered out on a Buchner funnel. This solid was proven to 
be 5—iiitrofiirfural diacetate by means of a mixed meluing point 
determination. After the 5-nitrofarfural diacetate had been 
removed, the ice-cold residue was neutralized with 10^ sodium 
hydroxide and treated 7/ith pyridine and extracted with ether. 
Ho further material could be isolated. 
An atte]35)t was made to nitrate 5-nitrofurfural 
15 
diacetate after the directions of Menke . One gram (0.004 
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mole} of S-nitrofurltiral diacetate was treated with 1,5 g. 
(0.006 mole) of (CulNCa)g.^aO) in 5 S* of acetic anhydride at 
50® for seventy-two hours, practicalljr quantitative recoTery 
of the 5-nitrofurfural diacetate was effected. 
When S-nitrofurfural diacetate was heated v/ith 
fuming nitric acid in nitrobenzene in a sealed tube at 80® 
the tube exploded with violence. Twelve and t¥o-tenths grams 
(0.05 mole) of 5-nitrofiirfural diacetate was treated in a 
sealed tube with 20 cc. of nitrobenzene and g. (O.lO 
mole) of fuming nitric acid (sp. gi', 1.51). The tube ms 
heated in a furnace to 80** at ^?hich temperature a violent 
explosion took place. 
Reaction Between 5-Nitrofurfural Diacetate and Fum-
infz, ITitric Add, and a fjisture of Nitric and Sulfuric Acids.-
Four grams (0.009 mole) of 5-nitrofuraldiacetate was treated 
with 6.4 g- (0.1 mole) of fuming nitric acid (sp. gr. 1.51) 
at room temperature for two hours. The reaction mixture was 
poured onto crushed ice, neutralized with 10^ sodium hydroxide 
and pyridine, llo 5-^itrofurfural diacetate could be recovered. 
Small quantities of water soluble oils were extracted from 
the water residue. 
Four grams (0.G09 mole) of 5-nitrofurfural diacetate 
was treated with a iiiixture of 3.5 g. (0.054 mole) of fuming 
nitric acid (sp. gr. 1.51) and 5.5 g. (0.054 mole) of concen­
trated sulfuric acid (sp. gr. 1.84). The mixed acids were 
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added to tbe diaeetate in zn Erlemaeyer flask immersed in a 
"batli of ice and salt . It was noted that tiie S-nitrofurfural 
diacetate dissol'ved witliput apparent decomposition in tlie 
mixed acids. Tlie reaction mizture i^as then placed in a nater-
"batii and its temperature raised to 70° over a period of one 
hour, lit the end of this time the reaction mixture mis poured 
onto crushed iee and worked up as previously described* There 
was obtained a small quantity of 5-nitrofurfural* 
A third reaction using the Quantities given above 
ms quickly heated to 1S0° and poured onto crushed ice to 
quiet the violent reaction that was taking place. The com­
pound ?7as coirolately destroyed. 
A fourth run was carried out and heated to 105®, 
There was obtained a small quantity of a white crystalline 
solid melting at 120®. This con5)ound was water soluble and 
did not contain nitrogen. 
One attempt v/as iJHde to nitrate the ring fission 
product with nitric acid (sp. cr» 1»2] but the coirroound de­
composed . 
sm3L\m 
A series of attemptiii have been reported in an 
endeavor to prepare a dinitro derivative of furfural. No 
evidence v/as found of the fonaation of the desired compound. 
